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SUMMARY 
An ecological study of the abundant tubeworm, Galeolaria 
caespitosa Savigny 1818 was done at the Cape Banks Scientific Marine 
Research Area in Botany Bay (New South Wales, Australia). The main 
aims of the study were to examine 1) the distribution and abundance of 
the worm, 2) the processes thebnight affect the worm's vertical 
distribution, 3) the processes that govern the amount of space the 
worm occupies on the shore and its density. 
Galeolaria dominates the mid-shore region from the lower edge of 
the barnacle zone to the upper limits of the algal zone, except in !eM-
lying crevices and channels where algae and tunicates may be abundant. 
Populations are more dense at the lower edge of this range, reaching 
densities of more than 10 per cm2 • Higher on the shore the 
population is less dense and, in general, more spatially variable. Two 
types of tubes may occur: a flat, prostrate form attached to the 
substratum along its entire length; and an upright form, which 
intertwines with other tubes to form a thick layer over the rock. The 
upright form is found only where the density of tubes is great; the 
prostrate form is found when density is small, or at the edges of dense 
patches. At Cape Banks there are more worms towards the southern end 
of the platform which periodically receives strong, direct waves from 
the predominantly southern swell. A decrease in numbers during 1985 at 
sites where worms formed a thick layer on the rockwas probably caused 
by storm waves removing entire patches of tubes. 
Juveniles recruited to the population mainly from October until 
December, though later recruitment was recorded in one year. Recruits 
were distributed in the same manner as adult worms, i.e. their numbers 
were greater and less variable lower on the shore. Evidence from 
plates left exposed after peak recruitment until the following spring 
suggested that there was little recruitment at other times of year. 
The peak of early recruitment (worms less than one month old) 
varied from year to year with regard to the timing and rate of 
recruitment. In general, peak recruitment occurred in spring and 
lasted approximately one month, although peak recruitment was delayed 
until January in the last year of the study. A single recruitment 
event lasting several days probably caused this intense, delayed peak 
in early 1986. That year, recruitment was an order of magnitude 
greater than recruitment in the first year of the study. Recruitment 
did not appear to be correlated strictly with lunar phase nor with 
water temperature, but may be influenced by supply of planktonic larvae 
and the arrival of southerly storms. 
More worms recruited within the Q.¥eolaria zone than outside it. 
Recruitment outside the range of adults was almost negligible even when 
intensity of recruitment was great within the worm zone. Worms 
recruited to the shaded, bottom surfaces of sandstone plates. Few 
settled on the upper surface of plates, usually in shaded crevices 
when settlement was very intense. Larvae were shown to settle 
gregariously, but shade and complex physical surfaces were also 
important to early recruitment. Worms settled in greater numbers on 
dense patches of live adults, suggesting that the agent responsible for 
the gregarious behaviour was more effective when adults were dense. 
Some worms did settle on artificial substrata, suggesting that the 
presence of conspecifics is 
successful recruitment. 
preferred, but not required for 
Young worms grew quickly to occupy available space. Cleared 
patches of up to 900 cm2 had 100% cover of worms within a year of the 
end of the settlement season. Worms settling early in the seaon 
(spring) may reproduce after as little as eight months. 
Samples taken over two years suggested that the distribution of 
sexes was unequal, with fewer females than males. The number of eggs 
produced by a worm was correlated with female body size (as measured by 
the number of abdominal segments). More than 50,000 eggs may be 
produced by a single female. The distribution of eggs through time, 
however, did not precede the observed peak of recruitment, suggesting 
that recruits at Cape Banks may have arrived from elsewhere, at least 
in that year. 
Grazing gastropods reduced settlement and survival of young worms 
on bare rock, but not of worms that settled among the tubes of adults. 
The gastropods probably damaged the worms while grazing, or crushed the 
worm tubes while moving about. Large limpets do not generally cross 
dense patches of worm tubes and the limpets present in such areas are 
generally small macroalgal grazers. Ephemeral green algae encouraged 
the recruitment of young worms, probably by providing shade and 
moisture and a physically complex surface for settlement. Most young 
worms transplanted upshore to areas where water did not form pools 
died. Worms probably cannot survive in the upper barnacle zone unless 
in a pool of water. 
There was no evidence that any predator caused a significant 
decrease in the population of worms at Cape Banks. The whelk Morula 
marginalba preys on worms, but they are not a preferred food item, and 
the effects of the whelk on the worm population were minimal and 
sporadic. 
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Introduction 
Chapter 1 Introduction 
Background 
The fauna of rocky seashores around the world is sometimes 
daninated by sessile, filter-feeding invertebrates (Dakin et al., 1948; 
Stephenson and Stephenson, 1972). These animals may occupy a great 
deal of space on the shore and are often found in aggregations which 
take the form of horizontal belts or bands at characteristic heights 
above the level of low tide. Such animals include mussels (Paine, 
1974), barnacles (Stephenson and Stephenson, 1972; Underwwood, 1981), 
tunicates (Guiler, 1965; Paine and Suchanek, 1983), and polychaete 
worms (Dakin et al., 1948; Stephenson and Stephenson, 1972). 
These species share the following important features of life 
history. They are all filter-feeders and the period of time during 
which they feed is potentially constrained by the changing level of the 
tide. They are all potentially susceptible to desiccation (Connell, 
1961a) and to a variety of disturbances that affect sessile organisms: 
predation (Connell 1961a; Paine, 1974; Underwwood and Fairwweather, 
1985), dislodgement (Dayton, 1971), burial (Taylor and Littler, 1982), 
and removal of the substratum to which they are fixed (Andrew, 1980). 
In addition, because these animals release generally large numbers of 
gametes or larvae into the sea, close proximity to conspecifics is 
likely to enhance reproductive success. All the aforementioned groups 
produce free-swimming larvae and most are planktotrophic at some stage. 
Such larvae may be scattered over wide distances in the plankton 
(Thorson, 1950; Scheltema, 1981), or remain in isolated patches within 
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the plankton (Alldredge and Hammer, 1980; Zeldis and Jillet, 1982; 
Shanks, 1983; Mackas et al., 1985). Regardless of the magnitude of 
their dispersal, they all require a suitable habitat for settlement 
after a period of feeding and growth in the plankton. A sufficient 
number of larvae must, however, settle and survive in or near 
conspecific adults to maintain dense intertidal belts or zones over 
large scales of time and space. 
On rocky shores in various parts of the world, tubicolous 
polychaete worms of the family Serpulidae form bands or zones at mid-
intertidal heights on shores of open coasts. In Britain, Pomatoceros 
triqueter (L.) forms a belt bounded above by the barnacle zone and 
below by the algal zone (Stephenson and Stephenson, 1972). In South 
Africa, Pomatoleios kraussi (Baird) can be found in similar conditions 
(Day, 1967), and the same species forms a band in the mid-intertidal 
zone of tropical Australia (Endean et al., 1956; Dew, 1959; Knox, 1960; 
Straughan, 1967). Four different species of Spirobranchus form bands 
or zones and are occasionally found in reef-like aggreaations: ~· 
cariniferus (Gray) in New Zealand (Knox, 1960), ~· paumotanus 
(Chamberlin) in the Pacific Islands (ten Hove, pers. comm.), ~· 
polycerus (Schmarda) in the Caribbean (ten Hove, 1970; 1975), and~. 
polYtrema (Philippi) in the Mediterranean (ten Hove, pers. comm.). 
Aggregations of serpUlid worms occur in other situations, mainly in 
brackish water (e.g. Ficopomatus ushakovi, identified as Mercierella 
enigmatica, in the Brisbane River (Straughan, 1972)), lagoons and 
similar environments where water-flow is restricted. In such 
.environments factors such as the worms' ability to tolerate fluctuating 
environmental conditions, and retention of larvae are probably 
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important in maintaining large aggregations (ten Hove, 1979). 
For the majority of the belt-forming polychaetes, little or no 
ecological work has been done, and hence the processes that govern 
zonation of intertidal serpulid worms are poorly understood. Some work 
on the causes of zonation has been done on Pomatoleios kraussi in two 
sheltered environments: Kaneohe Bay on the windward side of Oahu 
(Hawaii)(Straughan, 1969), and in the Arabian (Persian) Gulf (Mohammad, 
1975). The causes of zonation appear to differ between the two 
localities. In Hawaii, the range of larval settlement differed between 
the two settling periods according to the mean level of the sea. Worms 
settling above the range of adults were eaten by crabs, while those 
settling belcw the level of adults were overgrcwn by colonial ascidians 
(Straughan, 1969). In the Arabian Gulf, settlement of larvae outside 
the range of adults occurred only at small densities, but those 
individuals below the adult range were overgrown by ectoprocts, sponges 
and filamentous algae, while the cause of death in worms settled above 
the level of adults was unknown. In the mid-tidal range ( 1-2 m above 
datum), both f. kraussi and the barnacle Balanus amphitrite 
amphitrite settled in large numbers, but the worm overgrew the 
barnacle, forcing barnacles to occupy space above and below the worm 
zone (Mohammad, 1975). 
On the south-east coast of Australia, the serpulid polychaete 
Galeolaria caespi to sa (Savigny 1818) is an abundant, sessile, filter-
feeding worm that forms extensive bands in the mid-intertidal zone. It 
is found on most rocky shores in New South Wales, except where wave 
action is severe (where the worms are replaced by algae), or .on 
sheltered coasts dominated by gastropods (Dakin et al., 1948). The 
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worm zone is located just bela.~ the barnacle zone (dominated by 
Tesseropgra rosea Krauss), and above the algal zone. On some shores, 
especially those with vertical rock faces, the white calcareous tubes 
form a distinctive band, and may form encrustations which blanket the 
rock in a layer 5-15 em thick (Dakin et al., 1948). These bands vary 
among locations with regard to height above sea level, the density of 
worms and type of tubes, but can be found along the entire coast of New 
South Wales and have persisted for at least three decades (Dakin et 
al., 1948). On gently sloping shores, the worms occur as scattered 
individuals or in small patches. Galeolaria is unique in that it forms 
larger and more persistent masses of tubes than any other intertidal 
serpulid species (ten Hove, pers. comm), and it is a member of the only 
genus of serpulids which is endemic to the southern hemishpere. 
Published work (other than observational) on Q. caespitosa is 
sparse and restricted to descriptions and ultrastructural features of 
the larvae (Andrews and Anderson, 1962; Marsden and Anderson, 1981; 
Grant, 1981; Marsden 1982), and the worm's reaction to changes in 
salinity (Tait et al., 1981; 1984). As no ecological investigations 
have been done, explanations for the observed distribution and 
abundance of Galeolaria must be derived fran the body of theory that 
explains the ecology of other sessile, filter-feeding invertebrates 
with similar life histories. 
Early models concerning patterns of distribution of intertidal 
animals proposed that the movement of tides was the mechanism which 
caused animals to occupy discrete levels on the shore (Colman, 1933; 
Hewatt, 1937; Doty, 1946). More recent explanations involve the 
complex interaction of physical processes and biotic factors (Connell 
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1972; Menge and Sutherland 1976; Paine, 1977). Sane general mechanisms 
that govern the vertical distribution of sessile, filter-feeding 
animals have emerged, mainly by the effective use of controlled, 
manipulative field experiments. Connell's (1961a, b; 1970) early work 
on barnacles suggested that the upper limit of their distribution was 
mainly determined by physical factors such as desiccation, high 
temperatures during emersion, insolation, effects of wind, or same 
combination of these. He stated that barnacles are prevented from 
extending UJ:Mards on the shore because newly-settled individuals cannot 
survive the physical regime found there (Connell, 1961a). Alternative 
explanations for the upper limit of any sessile, filter-feeding animal 
would include starvation of newly-settled animals during extended 
periods of calm weather (insufficient time to feed) and failure by 
larvae to settle higher on the shore (Underwood and Denley, 1984). 
Tests of the former hypotheses must be done by transplanting young 
organisms to higher levels on the shore, in order to determine if 
newly-settled organisms can survive there (Dayton and Oliver, 1980; 
Underwood, 1980; Underwood and Denley, 1984). 
Many studies have examined the causes of the 1 CMer limit of the 
distribution of sessile animals. Connell (1961b) stated that the lc:Mer 
limit of the barnacle Ch thamal us stellatus was determined by lack 
of settlement (or early mortality of settlers) belCM mid-tide levels 
and, more importantly, competition from Balanus balanoides. ~. 
balanoides killed Chthamalus (which had been transplanted from higher 
levels on the shore) by smothering or undercutting them. Although 
canpeti tion by Balanus was concluded to be of great importance to the 
zonation of Chthamalus, some of the latter survived the effects of the 
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superior canpetitor in most experimental plots. The less-emphasized 
alternative, the failure of Chthamalus to settle in great numbers lc:Mer 
on the shore, may be as important in determing vertical distribution as 
canpeti tion with Balanus (Underwood and Denley, 1984). If substrata 
lower on the shore were unattractive to cyprids of Chthamalus, or 
already occupied by algae or other sessile animals (pre-emptive 
competition), the barnacle would be forced to occupy higher levels on 
the shore. Paine (1974) found that when predatory starfish (Pisaster 
ochraceus) were removed fran mussel beds, the lower limit of the mussel 
bed extended downward. He concluded that predation determined the 
1 c:Mer limit of the mussel band. In contrast, when Dayton ( 1971) 
repeated the experiment, he did not obtain similar results, probably 
because mussels did not settle in great numbers at that time (Underwood 
and Denley, 1984). Thus, irregularity in the settlement of a 
potentially daninant organism may contribute greatly to the structure 
of a community, and ought to be considered when attempting to explain 
patterns of distribution (Underwood and Denley, 1984). 
The models presented by Paine, Connell and others which attempt to 
explain the vertical zonation of sessile animals give rise to testable 
hypotheses regarding the zonation of Galeolaria. The first aspect to 
be addressed concerns where and how larvae settle on the shore. In the 
the "null" model, larvae exercise no selection or choice of substrata. 
Rather they settle passively and indiscriminately over a wide area of 
the shore. Zonation is caused by the subsequent differential survival 
of newly-settled individuals with great mortality above and belc:M the 
level of established adults and great survivorship within the zone 
occupied by adults. Testable hypotheses arising fran this model 
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include: a) the magnitude of settlement of larvae is random or 
haphazard on the shore, b) recruitment is greater in the zone where 
adults are found. This model is thought to explain the distribution of 
several species of barnacles (Connell, 1961a; Wethey, 1984). Gages and 
other devices that decreased the effects of physical factors associated 
with life at the high intertidal levels have been shown to increase the 
survival of newly-settled individuals (Dayton, 1971; We they, 1984). 
Competition and predation are thought to reduce survivorship of 
individuals settling below the level of adults. Locally, however, 
there is evidence that the cyprids of the common barnacle Tesserooora 
~ settle only sparsely outside the range of adults (Denley and 
Underwood, 1 979). 
An alternative model proposes that larvae actively choose to 
settle in areas where adult conspecifics are already established. Such 
settlement behaviour would limit recruits to zones occupied by adults 
and reinforce existing aggregations. Testable hypotheses arising from 
this model include: a) settlement in the field occurs only amongst or 
near conspecific adults, and b) sane unique agent exists which attracts 
larvae to adults. Considerable information exists to support the 
premise that larvae have sane ability to choose the place where they 
settle (see reviews by Meadows and Campbell, 1972; Scheltema, 1974; 
Crisp, 1976). In brief, larvae are capable of responding to a variety 
of stimuli such as light, gravity, chemicals, "feel" of the settlement 
surface (thigmotaxis), the presence of potential predators, other 
plants or animals, and members of their own species. 
The ability of larvae to detect conspecifics is called 
gregariousness and is defined by Schel tema ( 1974) as "the selection by 
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the larvae of a site already inhabited by members of its c:Mn species". 
Gregariousness has been reported for the follc:Ming species: oysters 
(Bayne, 1969; Hidu, 1969), barnacles (Knight-Jones and Stephenson, 
1950), bryozoans (Wisely, 1958b), gastropods (Kiseleva, 1967) and 
polychaetes (Wilson, 1968; 1970a;b; Knight-Jones, 1951; Scheltema et 
al., 1981). For sane species, the specific agent which prcmotes 
settlement has been isolated. Veitch and Hidu (1971) sugggest that 
larvae of Crassostrea virginica may move along a gradient of a water-
borne protein that has a large molecular weight. Most other authors 
have found that larvae must contact a surface treated with the agent in 
order to induce settlement. Such is the case for Balanus balanoides, 
where the agent is arthropodin (Crisp and Meadc:Ms, 1963), and for the 
larvae of abalone, which are induced to settle on contact with their 
main food item, coralline algae, containing the chemical gabba-
aminobutyric acid (Morse et al., 1979; 1980). For Janua brasiliensis, 
a spirorbid polychaete, lectins on the surface of the larvae bind to 
sugars present on bacterial films (Kirchman et al., 1982a; b; Maki and 
Mitchell, 1985). In the sabellariid polychaete Phrawatopcma 
californica, which lives in a sand-grain tube, the glue that cements 
the grains together stimulates the settlement of larvae (Jensen and 
Morse, 1984). No specific chemical agent has been proposed for the 
larvae of serpul id polychaetes, although several species have been 
reported to be gregarious: Pcmatoleios krausii (Crisp, 1977), 
Hydroides dianthus (Scheltema et al., 1981), Pcmatoceros trigueter 
(Klockner, 1976; 1978), Ficopcmatus ushakovi (as Mercieriella 
enigmatica) (Straughan, 197 2). Straughan ( 1972) suggested that the 
ridge on the tube of Ficopomatus uschakovi may be an important cue to 
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larvae. 
Most tests for gregariousness have been done in the laboratory, 
with a few exceptions (Cole and Knight-Jones, 1949; Knight-Jones and 
Stephenson, 1950; Straughan, 1972). Two aspects of laboratory 
experiments may make the interpretation of results difficult. First, 
laboratory studies are necessarily limited to small spatial scales such 
as the size of a beaker or petri dish. This restriction generally 
imposes unrealistically constant conditions on larvae. Laboratory 
conditions frequently include constant physical factors such as 
temperature and water movement, and more food than is generally 
available in the field. Furthermore, the small scale of ·laboratory 
experiments may serve to concentrate potentially attractive chemical 
agents, resulting in an effect whose magnitude may be misleading. 
Although the activity of larvae in the laboratory on small scales may 
yield valuable data regarding the capabilities of larvae, the degree of 
concordance between those activities and their activities in the field 
is still undetermined. 
Second, many laboratory experiments have failed to include control 
treatments that are necessary to determine the exact cause of 
aggregated settlement. Most common is the anission of controls for the 
physical presence of the worm tubes (e.g. Scbeltema et al., 1981). 
Eckman (1983) demonstrated that the physical presence of worm tubes 
alone is sUfficient to alter the flow of water over the substratum, 
causing larvae to be trapped in eddies and against tubes. This 
"hydrodynamic effect", which has rarely been tested (Eckman, 1983), may 
be particularly relevant to Galeolaria, because thick encrustations of 
tubes contain a labyrinth of canplex spaces which may trap larvae. In 
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the absence of appropriate controls, it is impossible to determine 
whether larvae are actively responding to stimuli provided by adults, 
or are merely being trapped by worm tubes. 
This study 
Galeolaria may settle as a result of processes which contain 
elements of both the models outlined above, or according to some other 
model. In this study, I have chosen to focus on the early recruitment 
and life history of Galeolaria in an attempt to understand the causes 
of zonation and the dense aggregations which are evident on the shore. 
I begin by documenting the observations of others regarding the worm's 
distribution and abundance with particular reference to the study site. 
I monitor the abundance of the worms during a three-year period and 
explain the causes of change, if any, in the population of worms there. 
I record the following aspects of the worm's life history: growth rate 
and form, population structure, and fecundity. 
I record the magnitude of and variation in early recruitment in 
small scales of time (three years) and space (one rocky headland). I 
examine the preferences, if any, that larvae demonstrate when settling 
in the field. I examine several factors that may be responsible for 
post-settlement mortality, including physical factors (increased 
periods of emersion, increased temperature and insolation) associated 
with survival above the worm zone, and sane aspects of biological 
disturbance, competition and predation. 
I have emphasized field experimentation and quantitative 
observations in order to identify processes that may account for the 
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observed patterns of distribution. 
I chose to study a large, well-established population on a shore 
located in the geographical centre of the distribution of this species. 
The Cape Banks Scientific Marine Research Area, in Botany Bay, was 
especially sui table because it is subject to a minimum of human 
interference and includes virtually every habitat in which Galeolaria 
is found (e. g., vertical and horizontal rock faces, boulder fields and 
tide pools). 
I have chosen practical, operational definitions for the various 
stages of life in this sessile worm. The term "larvae" denotes the 
early stage which swims and feeds in the plankton. "Three-setiger 
larvae" denotes the latest stage in larval develoJXDent, characterized 
by benthic, creeping behaviour. The term "early recruit" refers to any 
attached worm less than one month old. This definition underestimates 
the numbers of worms settling because it ignores those that settled and 
died within the first month (Keough and Downes, 1982). The definition, 
however, may well represent a biologically meaningful period of time, 
because the tube grows notably stronger after one month. 
I use the term "recruit" or "young worm" to denote small worms 
that are more than one month old but are not sexually mature. These 
worms can be identified by the presence of a dorsal keel on the tube, 
signifying a stronger tube that resembles that of adults. The term 
"adult" refers to larger, sexually mature worms. 
It is hoped that by concentrating largely on quantitative 
observations of early recruits in the field, this study can contribute 
both to the understanding of the ecology of this species, and to the 
general ecological knowledge of sessile, filter-feeding intertidal 
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Chapter 2 
Distribution and Abundance 
In this chapter, two aspects of the distribution and abundance of 
Galeolaria are addressed. The first section examines the overall 
distribution of worms at Cape Banks. Section B examines the potential 
differences in the abundance of wonns during a three-year period. 
Subsequent sections examine the different types of tubes made by worms, 
the population structure at various heights on the shore, and the 
abundance of eggs produced during the settlement season. 
A: Large Scale Distribution and Abundance 
Introduction 
In order to gain an understanding of the large-scale }:attern of 
distribution and abundance of Galeolaria on a rocky headland, a survey 
was done at The Cape Banks Scientific Marine Research Area (Botany Bay, 
N.S.W.). Eight sites were chosen, representing a variety of habitats 
occupied by Galeolaria. These habitats include areas of level and 
sloping rock platform and boulders that were subject to a variety of 
wave exposures. 
Field Methods 
At each of eight sites (Figure 2A.1), a transect line was laid 
perpendicular to the shore line, fran the edge of the algal zone to the 
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FIGURE 2A.1 
Map of Cape Banks and sampling sites. 
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TABLE 2A. 1 
Tidal heights (m) of bottom and top position of transects 
Site Number Low Shore (bottom) High Shore (top) 
5 0.75 0.79 
1 0.91 1.12 
9 0. 83 1.59 
11 0.81 1.06 
13 0.78 1.04 
17 0.98 1.25 
19 0.93 1.28 
20 0.83 1.44 
Large Scale Distribution and Abundance 
beginning of the barnacle zone. Tidal heights were recorded for the 
highest and lc:Mest position of each transect (Table 2A.1). 
At the bottan of the transect line, four quadrats, each measuring 
one-quarter of a metre squared (50 em along each side) were laid 
together in a contiguous square covering one metre squared. The 
quadrats were subdivided with strings; the intersection of the strings 
provided one hundred equally spaced points in the quadrat. Plants or 
animals falling beneath intersections of string were counted as one per 
cent cover. The per cent cover of Galeolaria, bare rock, limpets (all 
species), the barnacle Tesseropora rosea, foliose algae (all species), 
and the ascidian Pyura praeputialis and other minor categories (e.g. 
chitons, anemones) were recorded separately for each quarter-metre 
squared quadrat, providing four replicate estimates for each location 
on the shore. Five or six such blocks were recorded on each transect; 
each block of one square metre was placed one metre above the previous 
one. The number of blocks per transect varied because the width of the 
Q..aleolaria "band" varied across the platform. 
In order to quantify the ntlllber of worms that were represented by 
the % cover data, the ntlllbers of worms were counted in each quarter-
metre squared '~ra.t . This was done by counting the ntlllber of 
Galeolaria in each of ten pre-marked squares within the quarter metre 
squared quadrat; each square was 19.8 cm2 (4.45 em per side). 
This method of sampling enabled estimates of abundance of worms to 
be made on several hierarchical spatial seal es. The estimate of 
nllllbers or % cover of worms in eight transects spread ewer most of the 
platform at Cape Banks provided estimates of abundances on the largest 
scale sampled in this study. These data will be referred to as "large-
14 
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scale". No attempt was made to replicate at this scale (that is, only 
one platform- Cape Banks was sampled). The estimate of the number of 
worms in any one transect encanpasses the variation in abundance with 
height on the shore. Here, the eight transects can be regarded as 
replicate estimates of variation on the "mediu.scale". The smallest 
scale sampled was the estimate of the number or % cover of worms within 
one square metre of the shore. This will be referred to as "small-
scale". The variation in the abundance of worms was quantified at the 
medium- and small-scales. 
The survey was done fran 17 May to 3 June, 1984. 
Analysis of Data 
The % cover and the mean number of Galeolaria in 4 replicate 0.25 
m2 quadrats were used in two separate two factor ANOV As with main 
factors Site (8 levels, random factor) and Height (5 levels, fixed 
factor). One block was omitted fran sites 5 and 19 to balance the 
design. Data were used untransformed. 
In order to compare the amount of variation in the numbers of 
worms at different spatial scales, the coefficient of variation was 
calculated for mean number of worms at the small- and medium-scales. 
This coefficient enables the direct canparison of variation in data 
sets with different means. The order of their ranking was compared 
using a contingency table with repeated measures (Winer, 1971, p. 849). 
In order to examine the relationship between the number of worms 
and the % cover they occupy on the rock, the data for % cover were 
regressed on the number of worms in the same 0.25 nf?. quadrat for each 
15 
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of 8 sites. 
Results 
Site, Height and the Site x Height interaction were significant 
for both% cover and mean number of worms (..Q < 0.05, Table 2A.2, Fig. 
2A.2). The differences between sites, the differences between tidal 
height, and some interaction between the two factors were all important 
in determining the % cover and nunber of worms on the platform. Thus 
there was no simple, uniform pattern of differences in numbers from low 
to high on the shore at all sites. 
The coefficients of variation for the nunber of worms on the small 
scale are not ranked randomly (X2= 92.8, 49 df, ..Q < 0.05, Table 
2A. 3). In general, the nunbers of worms 1 ow on the shore were less 
variable than the nunbers higher on the shore (Fig. 2A.3). At the 
medium-scale, the coefficients of variation for numbers of worms were 
apparently random (X2= 63, df = 49, ..Q < 0.05, Table 2A.4), although a 
trend towards larger coefficients of variation at high levels on the 
shore was apparent at some sites. 
The slopes of the regressions of % cover on mean number of worms 
were significantly different (f slopes = 11 .55, df = 3, 152, £. < 0 .05, 
Fig. 2A.4, Table 2A.5). This indicates that the relationship between 
the number of worms at a site and the % cover they occupied was 
different at different sites, though SNK anaylses (Zar, 197 4) were not 
able to separate the different slopes. This result implies that each 
site had different relative amounts of upright and prostrate worms. 
In general, the % cover of Galeolaria low on the shore was greater 
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TABLE 2A. 2 
A. 2-Factor ANOVA of % Cover of worms at eight sites at five heights on 
the shore (data untransformed). In this and subsequent tables, ns 
indicates~> 0.05, • = ~ < 0.05, •• = ~ < 0.01, ••• = ~ < 0.001. 
ss df MS F sig 
Site 19267 ·3 7 2752.5 32.4 ••• 
Height 43810.0 4 10952.5 14.8 ••• 
Site x Height 20713.9 28 739.8 8.7 ••• 
Residual 10198.2 120 84.9 I 
Total 93989.4 159 I I 
Results of SNK tests (Q = 0.05) 
Site Blocks 
5 4 = 5 = 3 < 2 < 1 
7 4 = 5 = 3 < 1 = 2 
9 5 = 2 = 4 = 3 = 1 11 5 = 4 < 3 < 1 = 2 13 5 = 4 = 1 = 3 = 2 17 4 = 3 = 5 < 1 = 2 19 5 < 4 < 3 = 2 = 1 
20 4 = 5 < 3 = 2 < 1 
Block Sites 
1 9 = 17 = 13 < 11 = 7 = 5 < 19 = 20 2 9 = 5 < 17 = 13 = 20 = 11 = 7 < 19 
3 5 = 17 = 7 = 9 = 11 = 13 = 20 < 19 4 5 = 20 = 7 = 17 = 11 = 13 = 9 < 19 
5 11 = 9 = 20 = 5 = 7 = 19 = 13 = 17 
TABLE 2A.2 (con't) 
B. 2-Factor ANOVA of mean number of worms at eight sites at five 
heights on the shore (data untransformed) 
ss df MS F sig 
Site 8616.8 7 1230.9 16.0 ••• 
Height 13939.6 4 3484.9 7-3 ••• 
Site x Height 13289.9 28 474.6 6.2 ••• 
Residual 9233.7 120 76.9 I 
Total 45080 .o 159 I I 
Results of SNK tests (Q = 0.05) 
Site Blocks 
5 5 = 4 = 3 = 2 < 1 
7 4 = 5 = 3 < 1 < 2 
9 5 = 2 = 1 = 4 = 3 
11 5 = 4 = 3 < 1 = 2 
13 5 = 4 = 1 = 3 = 2 
17 2 = 3 = 5 = 1 = 2 
19 5 < 4 < 1 = 2 = 3 
20 4 = 5 < 3 = 2 < 1 
Block Sites 
1 9 = 17 = 13 = 7 = 5 = 11 < 19 = 20 
2 9 = 5 = 17 = 13 = 20 < 11 = 19 = 7 
3 5 = 17 = 7 = 11 = 13 = 9 = 20 < 19 
4 20 = 7 = 5 = 17 = 11 = 13 = 9 = 19 
5 9 = 11 = 5 = 20 = 19 = 7 = 13 = 17 
FIGURE 2A.2 
Mean% cover(~ S.E.) of worms for Sites 5, 7, 9 and 11. Each 
histogram represents the mean of four quadrats, each 0 .25 m2. The 
bottom of each histogram is located at the tidal height of the block 
sampled. Block 1 is closest to the algal zone, Block 5 is near the 
barnacle zone. 
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FIGURE 2A.2 (con't) 
Mean% cover<± S.E.) of worms for Sites 13, 17, 19 and 20. Each 
histogram represents the mean of four quadrats, each 0.25 m2. The 
bottom of each histogram is located at the tidal height of the block 
sampled. Block 1 is closest to the algal zone, Block 5 is near the 
barnacle zone. 
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FIGURE 2A.2 (CON'T) 
TABLE 2A. 3 
Means (+ S.E.) and Coefficients of Variation for Small Scale Number of 
worms. -Means are of 10 small areas (19.8 cm2) within a 0.25 m2 
quadrat. Coefficient of variation (CV) is the mean of four individual 
coefficients. Block 1 is the lowest on the shore and Block 5 is the 
highest in each transect. 
Replicate Quadrats 
1 2 3 4 cv 
Site 5 
Block 1 27.5 ( 7.9) 23.2 ( 4.0) 24.7 ( 5. 6) 25.2 ( 4 .o) 67.1 
Block 2 1.0 (0. 5) 4.2 ( 1 . 4) 2.6 (0. 8) 11.9 (3. 0) 109.3 
Block 3 1.3 (0.8) 3.5 ( 0. 9) 5.8 (3.0) 1.3 ( 0.5) 148.4 
Block 4 0.8 (0.4) 0. 1 (0 .1) 0. 1 ( 0. 1) 1.5 ( 0. 9) 242.6 
Block 5 0.9 ( 0.3) 0.0 ( o.o) 0.9 { 0.4) 0.5 { 0.5) 261.6 
Block 6 0.3 {0.2) 1.7 {0. 4) o.o {0. 0) 0. 1 ( 0. 1) 205.5 
Site 7 
Block 1 26.4 ( 6. 9) 17.8 { 4.5) 12. 1 ( 5.0) 25.5 { 4. 9) 87.1 
Block 2 36.3 (10.5) 83.8 ( 14. 0) 47.2 ( 14. 5) 39.6 (8.3) 76.8 
Block 3 1.8 (1.4) 0.3 ( 0.2) 0.7 ( o. 6) 8.0 ( 5.8) 250.8 
Block 4 1.4 (0.7) 0. 1 (0 .1) o.o ( 0. 0) 0.4 ( 0. 3) 238 .5 
Block 5 0.7 (0.3) 0.6 ( 0.6) 1.9 ( 1.2) 0.3 ( 0.3) 244.9 
Site 9 
Block 1 8.7 (3.3) 4.5 ( 2.0) 8.4 (6.9) 8. 7 (2.9) 159.2 
Block 2 o.o (0.0) 1.8 ( 1. 0) o.o (0.0) 0.4 (0.4) 247.7 
Block 3 13.3 (5.6) 4.6 (3.4) 38.9 (11.7) 4.0 (1.9) 154.4 
Block 4 1.3 (0.7) 21.0 (5. 4) 0.2 ( 0. 1) 0.2 (0.1) 135.8 
Block 5 0.0 ( o.o) 0.3 ( 0.3) 0.0 ( 0.0) 0.0 (0.0) 316.2 
Site 11 
Block 1 22.0 (6.4) 20.3 (3.4) 30.2 (5.8) 28.2 (3.8) 62.5 
Block 2 59.9 ( 9. 9) 29.2 ( 6. 8) 14.5 (3. 0) 39. 1 {4. 2) 56.6 
Block 3 11.0 { 4.5) 10.5 ( 2.2) 6.8 (3.9) 13.1 (3.8) 118.7 
Block 4 2.3 ( 1.2) 2. 1 {0.7) 4.2 ( 1. 6) 1.1 ( 0. 7) 149.8 
Block 5 0.5 ( 0.4) o.o ( 0.0) 0.0 ( 0.0) 0. 1 ( 0.1) 284.9 
Site 13 
Block 1 19.3 (4.5) 12.9 (2. 7) 3.6 (0.9) 8.6 (2.2) 77.9 
Block 2 14. 1 (3.0) 22.0 ( 4. 5) 5.8 (2. 9) 27.4 (9.5) 100.7 
Block 3 18.2 { 5.2) 13.2 ( 6. 1 ) 10.5 (4.0) 9.9 {2.4) 108.6 
Block 4 2.6 ( 1. 1) 5.3 ( 1. 6) 0. 1 (0. 1) 23. 1 (7. 5) 163.4 
Block 5 0.1 ( 0.1) 2.5 (0.8) 2.4 ( 1.0) 4.3 (1.9) 176.7 
TABLE 2A.3 (con't) 
Site 17 1 2 3 4 cv 
Block 1 7.4 (3.2) 7.7 ( 2.9) 13.3 ( 2.9) 11.6 (3.9) 108.6 
Block 2 8.6 ( 1. 7) 17. 1 ( 3. 9) 14.4 (3.7) 13.3 (3.0) 72.7 
Block 3 0.8 ( 0.4) 2.7 ( 1.0) 6.4 ( 1.4) 0.3 (0.5) 122.7 
Block 4 2.4 ( 1. 1) 4.7 ( 1 • 3) 0.3 (0. 2) 1.5 (0.9) 165.9 
Block 5 14.0 (7.3) 0.0 ( 0.0) 0.5 ( 0.2) 0.2 (0.2) 207.7 
Site 19 
Block 1 40.5 ( 9. 7) 32.6 (6.8) 36.5 ( 7 .o) 60.0 ( 14.6) 70.0 
Block 2 1.9 ( 1. 0) 1.2 (0. 8) 7. 1 ( 1. 9) 0.8 (0.6) 176.4 
Block 3 45.0 (8.6) 53.5 (7.9) 36.3 (6.5) 37.7 ( 5. 5) 52.8 
Block 4 27.7 (5. 2) 70.4 (10.6) 46.2 (2. 4) 39.5 ( 9. 1) 57.7 
Block 5 3.2 ( 1.5) 15.9 ( 4.0) 35.7 (11.3) 2.5 (1.4) 126.1 
Block 6 0.2 (0.1) 1.2 (0.5) 0.2 (0. 2) 0.9 (0.4) 199.4 
Site 20 
Block 1 55.8 ( 8.2) 30.7 (6.2) 70.7 ( 8. 7) 26.2 ( 6.0) 55.5 
Block 2 31.7 ( 8. 1) 29.4 (4. 5) 13.7 (3. 9) 14.4 (3.9) 76.9 
Block 3 4.4 (4.3) 13.6 (3. 7) 24.1 (10.1) 26.1 ( 7.2) 154. 1 
Block 4 o.o (0. O) 0.8 (0. 5) 0. 1 (0 .1) 0.3 (0.2) 225.9 
Block 5 1.5 ( -1.0) 0.2 ( 0.1) 0.4 ( 0.2) 0.0 (0.0) 198.4 
FIGURE 2A.3 
Mean number (+ S.E.) of worms for Sites 5, 7, 9 and 11 in 40 small 
quadrats, each 19.8 cm2. The bottom of each histogram is located at 
the tidal height of the block sampled. Block 1 is closest to the algal 
zone, Block 5 is near the barnacle zone. 
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Mean number (+ S.E.) of worms for Sites 13, 17, 19 and 20 in 40 small 
quadrats, each 19.8 cm2. The bottom of each histogram is located at 
the tidal height of the block sampled. Block 1 is closest to the algal 
zone, Block 5 is near the barnacle zone. 
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TABLE 2A. 4 
Means, Standard Errors and Coefficients of variation for Medium Seale 
mean number of worms. Means are number of worms in 4 replicate 0.25 
m2 quadrats. 
Site 5 Mean Standard Error Coefficient of Variation 
Block 1 25.15 0.89 7.08 
Block 2 4. 93 2.42 98.07 
Block 3 2.97 1.08 72.30 
Block 4 0.62 0.34 1 07.20 
Block 5 0.57 0.21 74.20 
Block 6 0. 53 0.39 151 • 10 
Site 7 
Block 1 20.45 3.38 33.10 
Block 2 51.73 10.93 42.26 
Block 3 2.70 1. 79 132.90 
Block 4 0.47 0.31 134.60 
Block 5 0.87 0.35 80.50 
Site 9 
Block 1 7.57 1.02 27.10 
Block 2 0.55 0.!13 155.30 
Block 3 15.20 8.18 107.64 
Block 4 8.15 4. 82 166.70 
Block 5 0.08 0.08 202.20 
Site 11 
Block 1 25.18 2.38 18.90 
Block 2 35.67 9. 53 53.40 
Block 3 10.35 1.31 25.32 
Block 4 2.43 0.65 80.60 
Block 5 0.15 0.12 219.00 
Site 13 
Block 1 11.10 3.33 59.90 
Block 2 17·33 4.71 54.40 
Block 3 12.95 1.89 29.20 
Block 4 7.78 5.21 134.20 
Block 5 2.33 0.86 74.00 
Site 17 
Block 1 10.00 1.45 29.10 
Block 2 13.35 1.77 26.56 
Block 3 2.55 1.38 108.50 
Block 4 2.23 0.93 83.60 
Block 5 3.68 3.44 187.40 
TABLE 2A.4 (con't) 
Site 19 
Block 1 42.40 6.08 28.70 
Block 2 2.75 1.46 130.67 
Block 3 43.13 3.95 18.30 
Block 4 45.95 9.oo 39.18 
Block 5 14.33 7. 76 108.36 
Block 6 0.63 0.25 80.92 
Site 20 
Block 1 45.85 10.53 45.90 
Block 2 22.30 4.78 42.90 
Block 3 17.05 5.03 58.99 
Block 4 0.30 0.18 118.80 
Block 5 0.53 0.34 80.50 
FIGURE 2A. 4 
Regression of% cover of worms on mean number of worms for Sites 5, 7, 
9 and 11. 
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FIGURE 2A.4 (can't) 
Regression of % cover of worms on mean number of worms for Sites 13, 
17 , 1 9 and 20. 
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FIGURE 2A.4 (CON'T) 
TABLE 2A. 5 
Analysis of Regression of % cover (Y) on Average Number of Worms (X) 
(data untransformed) at the eight sites. 
Site Regression Deviation from Regression 
Coefficient ss df MS F sig 
5 2.065 585.8 22 26.6 
7 o.goo 4480.7 18 248.9 
9 1. 061 1091.9 18 60.6 
11 1 .245 1852.5 18 102.9 
13 1.778 1129.1 18 62.7 
17 2.232 261.7 18 14.5 
19 1 .284 3403.9 22 154.7 
20 1.354 2891 .2 18 160.6 
Summed 1 5696.8 152 103-3 
Common 1.260 19277.2 159 121 .2 
Difference among slopes 11.55 ••• 
TABLE 2A. 6 
Mean percent cover of Galeolaria, Bare Rock, Limpets, !~~~erQ~<2r.E-~. foliose algae and Pyura ~r:~.ru>Utialis (rr_ = 4, 0.25 m'2 
quadrats). Data do not sum to 100% because other, minor categories 
have been omitted. 
Galeolaria Bare Rock Limpets Tesseropora Algae Pyura 
Site 5 
Block 1 54 15 4 5 3 0 
Block 2 20 35 4 25 0 0 
Block 3 9 42 4 29 2 0 
Block 4 4 69 3 7 5 1 
Block 5 1 81 3 2 5 0 
Block 6 3 68 3 0 14 0 
Site 7 
Block 1 52 8 3 2 15 0 
Block 2 56 2 2 1 12 0 
Block 3 23 3 1 1 42 2 
Block 4 3 10 3 1 5 0 
Block 5 4 21 4 5 11 0 
Site 9 
Block 1 22 2 1 1 56 8 
Block 2 7 2 1 2 56 24 
Block 3 23 5 2 3 51 1 
Block 4 20 20 3 14 13 0 
Block 5 2 60 2 10 1 0 
Site 11 
Block 1 51 6 3 8 4 0 
Block 2 53 8 4 6 3 0 
Block 3 27 10 4 9 7 0 
Block 4 11 19 4 1 7 0 
Block 5 2 36 3 0 0 0 
TABLE 2A.6 (con't) 
Galeolaria Bare Rock Limpets Tesseropora Algae JY_~ 
Site 13 
Block 1 31 5 3 5 20 6 
Block 2 43 2 3 8 26 4 
Block 3 35 4 4 8 3 3 
Block 4 19 14 5 13 3 1 
Block 5 10 33 3 2 1 0 
Site 17 
Block 1 30 3 1 1 47 2 
Block 2 36 5 2 4 35 2 
Block 3 11 7 4 0 17 5 
Block 4 10 15 5 4 5 1 
Block 5 13 10 4 0 5 1 
Site 19 
Block 1 74 4 2 3 5 1 
Block 2 9 2 1 0 71 12 
Block 3 72 2 3 6 6 0 
Block 4 71 3 3 1 7 1 
Block 5 35 13 3 14 0 0 
Block 6 6 12 6 16 0 0 
Site 20 
Block 1 75 4 2 1 8 2 
Block 2 49 5 3 3 8 2 
Block 3 40 11 5 7 11 0 
Block 4 2 2 3 30 32 0 
Block 5 3 57 1 4 1 0 
Large Scale Distribution and Abundance 
than that of any other group of organisms, as expected for a survey 
within the worm zone. Where % cover of worms lCM on the shore was 
snall, there was a corresponding increase in cover of foliose algae 
and/or the ascidian pyura, not an increase of bare rock (Table 2A.6). 
Discussion 
The data presented here confirm the general impression of the 
distribution and abundance of Galeolaria presented by other authors 
(Dakin et al., 1948; Dakin, 1969; Denley and Underwood, 1979; Underwood 
1981). The distribution of worms described here agrees with that 
presented for Cape Banks by Denley and Underwood (1979, Figure 1). In 
general, the worm occupies a position on the platform above the algal 
zone (Pyura zone in Denley and Underwood, 1979), and bel eM the barnacle 
zone. The boundary between the worm zone and adjacent zones is often 
not distinct, especially on areas of the platform that slope gently. 
The sharp boundaries described by Dakin ( 1969) are restricted at Cape 
Banks to vertical surfaces that receive substantial wave action, and 
even then a few individual worms can be found in the algal and barnacle 
zones. Galeolaria are patchily distributed on the snall scale, as 
demonstrated by the values of the coefficients of variation at 
different levels on the shore. 
The relationship between percentage cover of worms and nunber of 
worms was different at different sites probably because the gr<:Mth 
forms of the worms vary among places. At some s1 tes lCM on the shore, 
the worm tubes grCM upright, and here one percent cover of worms may 
represent up to 113 worms in a 0.25 mf quadrat. At other sites, the 
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FIGURE 2A.S 
Examples of two types of worm tubes at Cape Banks. 
A. Upright tubes at Site 20 (October, 1984). 
B. Prostrate tubes at Site 20 (October, 1984). 

FIGURE 2A.6 
An example of both upright and prostrate tubes in close proximity at 
Site 20 (October, 1984). 

Large Scale Distribution and Abundance 
worms grow prostrate, and one percent cover may represent only one worm 
in a 0.25 m2 quadrat. Further, some sites have a larger proportion 
of worms growing upright, causing the slopes of the regression lines to 
differ. The difference between the two growth forms is easily observed 
but difficult to quantify (Fig. 2A.5). It is common to observe the two 
types within one patch of worms: upright worms at the centre of the 
patch and the prostrate form at the edges (Fig. 2A.6). Between the two 
forms are tubes oriented between 0° and 90° with respect to the 
angle of the substratum. Because of the different nature of the 
relationship between percentage cover and the number of worms (which 
depends on the growth form of the tubes), the number of worms is the 
only accurate estimate of abundance, although more time-consuming to 
determine. 
The remainder of this thesis seeks to elucidate some of the 
mechanisms that cause the patterns described in this chapter. The 
examination of patterns of distribution of newly-settled larvae will 
help explain whether the initial distribution of worms causes the 
popUlations high on the Shore to be sparser than those lower on the 
shore. An examination of survival may indicate whether post-settlement 
processes cause high shore popUlations to be more variable, in addition 
to less abundant, than populations low on the Shore. 
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Chapter 2 
Distribution and Abundance 
B: Differences in Abundance of Worms Through Time 
Introduction 
The aim of this chapter is to describe quantitatively the changes, 
if any, in the abundance of worms through time. Of the three spatial 
scales described in Chapter 2A (large, mediu:n and snall), abundances of 
worms were monitored for a three-year period at the mediUil- and small-
scales. The variation in the nUilbers of worms through time at any one 
transect provides an estimate of the magnitude of variation at the 
"mediu:n" scale at Cape Banks. This scale encanpasses any potential 
differences in the abundance of worms at high levels and at low levels 
on the shore. Differences in the abundances at one level on the shore 
through time provide an estimate of variation at the "small" scale. If 
changes occur in the abundance of worms, this hierarchical system of 
sampling allows the identification the scale at which such changes can 
be detected. 
Materials and Methods 
The eight sites monitored and the tidal height of the two 
positions at each height are given in Figure 2A.1 and Table 2A.1. Fran 
August, 1982 to March, 1985, these sites were monitored monthly except 
when inclement weather intervened. 
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The number of adult and juvenile worms were counted in quadrats 
measuring 5 x 5 em ( 25 cm2). Worms were counted only if the opening 
of the tube fell within the quadrat. Juvenile worms were those s:nall 
worms that had not yet developed the characteristic dorsal keel present 
1o..Lk.. or 
in adults. Thei developnent of the keel indicated worms that were less 
than 4 weeks old (see Chapter 4A). 
At the "high" position at each site, the numbers of adults and 
juvenile worms were counted by marking each one on the dorsal surface 
near the opening of the tube. At the "low" positions, dense 
aggregations of worms and limited sampling time made such direct counts 
difficult. Photographic slides were taken of the quadrats with a 
macro-lens and projected onto a work table. The projected image of the 
quadrat was approximately 26 x 26 em, allowing a clear view of adult 
and juvenile worms. The worms in the photographs were counted by 
marking the opening of each tube. A pilot study indicated that counts 
of worms made in this way were not significantly different fran those 
made by direct observation (see Appendix 1). 
Live worms were easily distinguished fran empty tubes. The tubes 
of live worms have a characteristic bright, white rim at the anterior 
end, where the extension of the worm's collar during feeding precludes 
the growth of fouling organisms. Empty tubes lack the white rim and 
are completely fouled by diatoms, blue green algae, coralline and 
foliose algae. 
From August 1982 to October 1983, six replicate quadrats were 
counted at each site and position. This was increased to 10 from 
November 1983, as practice reduced the time needed to collect data. 
Because juvenile worms were likely to be sparse and more patchily 
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distributed than adults, an additional six (or ten) quadrats were 
counted for juvenile worms only. 
Analysis of Data 
The mean number of worms at each position and time was calculated, 
and the coefficient of variation was determined. For each site and 
position, the number of adults in September, October and November of 
each year were used in a fully orthogonal two-factor ANOV A, with main 
factors Year (fixed) and Month (fixed) (n = 6). SNK analyses(~= 
0.05) were done where appropriate. 
Results 
1. Adults 
A. Differences at the "Medium" Scale 
In overall abundance (mean number of worms at high + low, averaged over 
25 months), the sites were ordered (least to greatest adundance): 5, 
11, 9, 13, 17, 7, 19, 20. With the exception of the rank of Site 7, 
and one other inversion of rank order, this reflects a general trend of 
greater abundance of worms with distance away fran the Wreck Shore 
(Fig. 2A.1). Thus, more worms were consistently present toward the 
southern end of the pla tfonn canpared to the northern end. 
The eight sites were ranked similarly over the three years of the 
study (Table 2B.1, Kendall's coefficient of concordance (Siegal, 1959) 
= 0.89, "higb" positions, and 0.96, "low" positions, ..E < 0.05). 
The mean number of worms at the "high" position at each site was 
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TABLE 2B. 1 
Abundance of adult worms in different years. (Mean number of worms in 
5x5 em quadrats for 12 months; n = 12 for Year 1 and Year 2 (to 
October), n = 20 for Year 2 (from November) and Year 3; data for year 3 
are mean number for 4 months only) . 
Year 1 1982-1983 
High LCM 
Site Mean SE Rank Mean SE Rank 
5 6.6 0.71 1 22.9 1.75 1 
7 10.6 2.13 2 81.3 3. 82 5 
9 14.0 1.89 5 35.4 2.39 2 
11 13-~ 1.01 4 36.4 2.44 3 
13 12.9 1.22 3 64.4 3.5 8 4 
17 20.3 3.16 6 85.2 4.14 6 
19 27.7 3.16 7 142.2 5.36 7 
20 35.83 2.45 8 170.3 5.39 8 
Year 2 1983-1984 
5 7.0 0.56 1 2.5 1.61 1 
7 19.9 1.72 5 69.2 1.79 6 
9 17. 1 2.15 6 33-5 2.38 2 
11 9.3 0-75 2 39.5 2.69 3 
13 10.8 0.99 3 40.6 2.14 4 
17 13.5 1.70 4 42.8 2.09 5 
19 19.4 1.75 7 96.2 4.12 7 
20 30.6 1. 81 8 120.0 3.44 8 
Year 3 1984-1985 
5 4.9 0.56 1 23.1 2.01 1 
7 9-3 1.75 3 62.9 5. 07 6 
9 16.4 2.88 6 38.7 3-53 2 
11 6.8 1.10 2 44.8 4.94 3 
13 12.7 2.87 5 50.8 3.04 5 
17 12.1 2.24 4 48.9 3-98 4 
19 20.3 3-77 7 96.3 2.50 8 
20 29.4 3.61 8 85.6 6. 72 7 
Kendall's concordance test 
w = o.894, x2 = 18.77, Q. < 0.01 w = 0.962, 2 X = 20.22, £ < 0.01 
df = 7 df = 7 
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always less than the mean number at the "low" position (Figs. 2B.1-8). 
The coefficients of variation for "high" positions were generally 
greater than those for the corresponding "low" position (Appendix 2), 
as found in Chapter 2A. 
C. Differences at the "Small" Scale 
In general, populations at "high" positions did not change 
significantly over time (Table 2B. 2). Where significant change was 
detected, SNK analyses could not detect any pattern in the change (Site 
11), or abundances in year 1 were significantly smaller than in years 2 
and 3 ( Site 5 ) • 
Populations at the "low" positions at Sites 5, 17, 19 and 20 
showed significant changes in number of adults through time (Table 
2B.2). In cases where SNK tests could distinguish among means, there 
was a decline in population size after the first sampling year. Bare 
patches on the rock, where Galeolaria had disappeared from the rock, 
could be seen in the second and third years of sampling. The patches 
were generaly small in size (less than 20 em in diameter), but often 
numerous, and were most evident in those areas where the worms formed a 
2.B 28 
thick cover over the rock (Figs. A_9 and,( 1 0). The patches were probably 
removed by the action of waves during winter storms, causing a decrease 
in the abundance of worms at sites where there were many worms. 
2. Juveniles 
A. D 1fferences at the "Medium" Scale 
In general, juveniles were observed in increased numbers in 
October, November and December of each year. There was limited 
evidence for "pulses" of settlement that resulted in an increased 
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FIGURE 2B.1 
Abundance of worms (~ S.E.) at two heights at Site 5, 1982-1985. The 
first histogram of each pair is abundance of adults, the second is 
abundance of juveniles. For adults, ~ = 6 from August, 1982 to 
October, 1983; n = 10 from November, 1983 to March, 1985. For 
juveniles, E = 10 from August, 1982, to October, 1983; n = 20 from 
November, 1983 to March, 1985. 
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FIGURE 2B.2 
Abundance of worms (~ S.E.) at two heights at Site 7, 1982-1985. The 
first histogram of each pair is abundance of adults, the second is 
abundance of juveniles. For adults, li = 6 from August, 1982 to 
October, 1983; n = 10 from November, 1983 to March, 1985. For 
juveniles, E = 10 from August, 1982, to October, 1983; n = 20 from 
November, 1983 to March, 1985. 
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FIGURE 2B.3 
Abundance of worms <± S.E.) at two heights at Site 9, 1982-1985. The 
first histogram of each pair is abundance of adults, the second is 
abundance of juveniles. For adults, n = 6 from August, 1982 to 
October, 1983; n = 10 from November, 1983 to March, 1985. For 
juveniles, E = 10 from August, 1982, to October, 1983; ~ = 20 from 
November, 1983 to March, 1985. 
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FIGURE 2B.4 
Abundance of worms(~ S.E.) at two heights at Site 11, 1982-1985. The 
first histogram of each pair is abundance of adults, the second is 
abundance of juveniles. For adults, Q = 6 from August, 1982 to 
October, 1983; n = 10 from November, 1983 to March, 1985. For 
juveniles, E = 10 from August, 1982, to October, 1983; E = 20 from 
November, 1983 to March, 1985. 
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FIGURE 2B.5 
Abundance of worms (~ S.E.) at two heights at Site 13, 1982-1985. The 
first histogram of each pair is abundance of adults, the second is 
abundance of juveniles. For adults, U = 6 from August, 1982 to 
October, 1983; U = 10 from November, 1983 to March, 1985. For 
juveniles, E = 10 from August, 1982, to October, 1983; n = 20 from 
November, 1983 to March, 1985. 
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FIGURE 2B.6 
Abundance of worms <± S.E.) at two heights at Site 17, 1982-1985. The 
first histogram of each pair is abundance of adults, the second is 
abundance of juveniles. For adults, Q = 6 from August, 1982 to 
October, 1983; Q = 10 from November, 1983 to March, 1985. For 
juveniles, E = 10 from August, 1982, to October, 1983; n = 20 from 
November, 1983 to March, 1985. 
C/) 
~ 
cc 
0 
~ 
LL 
0 
cc 
w 
CD 
~ 
:> 
z 
z 
< 
w 
~ 
SITE 17 
1982-1983 
40 ['"• rh 2  f CL _ ci"vtbesCb tL n_ HIGH n..r+LCL 
120 t ~ r+ + ~ • LOW 
• r+ rt + + ~ 
• ~ 
100 
80 
60 
<40 
r+ 
n ......, f+, h ""1 20 
::fo..o..o.. 1983-1984 HIGH CktLCLtlCL D:,r\,CL, 
80 
60 rt LOW ~ + 
~ r+ r+- rt 
r+ r+ ~ + r+' 
~ 
<40 
20 
- -
~ h .._, 
20 
1984-1985 HIGH <40 f 
~---~LL~~DL~DL~--------~o.~---------
80 
eo ~ r+ 
LOW 
<40 ~ r+ + + 
20 1-
~ ..... 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
FIGURE 28.6 
FIGURE 2B.7 
Abundance of worms (~ S.E.) at two heights at Site 19, 1982-1985. The 
first histogram of each pair is abundance of adults, the second is 
abundance of juveniles. For adults, Q = 6 from August, 1982 to 
October, 1983; Q = 10 from November, 1983 to March, 1985. For 
juveniles,~= 10 from August, 1982, to October, 1983; n = 20 from 
November, 1983 to March, 1985. 
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FIGURE 2B.8 
Abundance of worms (~ S.E.} at two heights at Site 20, 1982-1985. The 
first histogram of each pair is abundance of adults, the second is 
abundance of juveniles. For adults, E = 6 from August, 1982 to 
October, 1983; E = 10 from November, 1983 to March, 1985. For 
juveniles, E = 10 from August, 1982, to October, 1983; n = 20 from 
November, 1983 to March, 1985. 
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TABLE 2B. 2 
Changes in populations of adult worms through time. Summary of results 
of 2 factor ANOVAs (fully orthogonal, fixed factors). Data are numbers 
of worms in 5x5 em quadrats; n = 6) 
A. High Shore 
Site Months 
5 ns 
7 ns 
9 ns 
11 •• 
13 ns 
17 ns 
19 ns 
20 ns 
B. La. Shore 
Site 
5 
7 
9 
11 
13 
17 
19 
20 
Months 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
Years Interaction SNK Results (.£ = 0 .05) 
M:>nths Years 
•• ns 1 < 3 = 2 
ns ns 
ns ns 
•• ns Oct. =Sep. =Nov. 3 = 2 = 
ns ns 
ns ns 
ns ns 
ns ns 
Years Interaction SNK Results (.£ = 0.05) 
ns • 
ns ns 
ns ns 
ns ns 
ns ns 
ns ••• 
••• • 
••• ns 
M:>nths Years 
Sep. :3 = 2 = 1 
Oct.:1 = 3 = 2 
Nov.: 2 = 1 = 3 
Sep. :3 = 2 = 1 
Oct.:2 = 3 = 1 
Nov.:2 = 3 < 1 
Sep. :2 = 1 = 3 
Oct. :2 = 3 < 1 
Nov. :2 = 3 < 1 
3 = 2 < 1 
1 :Oct.:Nov.:Sep. 
2:Nov .:Oct.:Sep. 
3:0ct.=Sep.=Nov. 
1 :Oct.:Sep.:Nov. 
2:Nov.:Oct.:Sep. 
3:Sep.:Oct.=Nov . 
1 :Sep.:Oct.:Nov. 
2:0ct.=Nov.=Sep. 
3:Nov .:Oct.=Sep. 
TABLE 2B. 3 
Mean number of juvenile worms in 5x5 em quadrats, average coefficient 
of variation (CV) and results of Kendall's concordance tests, for 
October, November, and December of each year. (~ = 12 for Year 1 and 
Year 2 (October); ~ = 20 for Year 2 (November and December) and Year 3; 
data for Year 3 are for October and November only) 
Year 1 1982-1983 
Site Mean 
5 
1 
9 
11 
13 
17 
19 
20 
2.9 
2.8 
7-6 
5.9 
1. 1 
7.2 
14.9 
14.8 
High 
SE cv 
0.67 128 
0.45 108 
1.54 100 
1 .28 120 
1.29 101 
1 .22 91 
2.25 94 
1. 95 81 
Mean 103 
Year 2 1983-1984 
5 
1 
9 
11 
13 
17 
19 
20 
0.6 
1.6 
3.1 
1 • 4 
2.1 
2.3 
2.4 
8.6 
0.13 168 
0.32 155 
0.49 121 
0.24 145 
0.36 115 
0.37 105 
0.39 124 
0.85 79 
Mean 126 
Year 3 1984-1985 
5 
1 
9 
11 
13 
17 
19 
20 
0.5 
1 • 1 
3.4 
1.2 
0.8 
1.6 
1.3 
4.9 
0. 11 1 55 
0.19 110 
0.79 151 
0. 36 180 
0.15 128 
0.30 96 
0.31 119 
0.89 119 
Mean 135 
Rank 
2 
1 
6 
3 
4 
5 
8 
1 
1 
3 
1 
2 
4 
5 
6 
8 
1 
3 
1 
4 
2 
6 
5 
8 
Mean 
9.8 
13.3 
11.7 
9.7 
16.5 
23.9 
22.6 
50.8 
1.3 
7.2 
5.4 
3.8 
4.8 
2.7 
6.9 
17.6 
Low 
SE cv 
0.99 70 
1 . 88 77 
1.44 74 
0. 91 67 
1.98 77 
2.10 55 
2.24 59 
4.30 54 
Mean 67 
0.17 106 
0.63 70 
0.77 111 
0.39 81 
0.44 71 
0.35 95 
0.69 74 
1.39 57 
Mean 83 
3.1 0.36 76 
7.0 0.64 56 
3.5 0.59 102 
5.9 0.81 84 
6.0 0.62 65 
4.5 0.6 93 
3.6 0.43 77 
8.1 1.01 74 
Mean 78 
Kendall's Coefficient of Concordance 
High 
w = o.88, x2 = 18.55, ~ < o.o1 
df = 1 
Low 
w = 0.73, x2 = 15.33, ~ < 0.05 
df = 1 
Rank 
2 
4 
3 
1 
5 
7 
6 
8 
1 
1 
5 
3 
4 
2 
6 
8 
1 
7 
2 
5 
6 
4 
3 
8 
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number of juveniles in other months (May 1984 and March 1985) at some 
sites (Figs. 2B.1-8). 
The numbers of juveniles were greatest in the 1982-1983 settlement 
season (Table 2B.3). In general, sites with larger densities of adults 
had more juveniles than those with small densities of adults (Figs. 
2B.1-8). The relationship between the nunbers of juveniles in October, 
November and December of each year and the average number of adults in 
each year was linear and significant (Fig. 2B.11). In all three 
sampling years, the rank of sites with respect to the number of 
juveniles was consistent (Table 2B.3, Kendall's coefficient of 
concordance, w = 0.88 for "high" positions, w = 0.13 for ."low" 
positions, p < 0.05). The ranking of sites according to number of 
juveniles present was similar to that for number of adults present. 
More juveniles were present at "low" positions than at "high" 
positions (Figs. 2B.1-8). Comparison of coefficients of variation 
showed that the numbers of juveniles present during peak abundance 
(October, November and December of each year) were more variable at 
"high" positions than at "low" positions (Table 2B.3 and Appendix 3). 
At "high" positions, nunbers of juveniles were most variable during the 
third year, and least variable in the first year, when the greatest 
nt.mbers of juveniles settled (Table 2B. 3). For "low" positions, the 
nunbers of juveniles were most variable in the second year, and least 
variable in the first year. 
B. Differences at the "Small" Scale 
At each site, more juveniles were present in the first sampling 
year than in the second and third years (Table 2B.3, Figs 2 8.1-8). 
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FIGURE 2B. 9 
Examples of bare patches among worms at Cape Banks 
A. A small bare patch with the limpets Siphonaria, Cellana, and young 
barnacles (November, 1983)(0.1 = 10 em). 
B. A larger bare patch with a variety of grazing gastropods. 

FIGURE 2B.10 
Effects of exfoliation of worm tubes at Cape Banks. 
A. A large rock near Site 20, December, 1982. 
B. The same rock, with reduced cover of worms in December, 1985. 
v 
FIGURE 2B.11 
Regression of the mean number of juvenile worms present during peak 
recruitment (October, November, and December) on mean number of adults 
in three years. Data for juveniles in 1984 are for October and 
November only. For adults, E = 6 from August, 1982 to October, 1983; 
E = 10 from November, 1983 to March, 1985. For juveniles, E = 10 from 
August, 1982, to October, 1983; B = 20 from November, 1983 to March, 
1985. 
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FIGURE 2B.12 
Examples of damaged worm tubes at Site 20, September, 1984 . 
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Abundance of Worms Through Time 
Discussion 
In general there were no changes in the size of JX>pulations at 
"high" positions, but populations "low" on the shore declined as a 
resUlt of the disappearance of worms fran the rock. The worms were 
often removed from the rock in a layer by exfoliation of the surface of 
the sandstone, i.e. detachment of the surface layer with all the 
attached organisms, leaving clean patches of exposed sandstone. 
Andrew (1980) described exfoliation of the upper layers of shale 
shores, removing patches of Hildenbrandia and associated organisms. 
The effect of exfoliation is visible to the unaided eye (Fig. 2B.10). 
A larger scale of sampling (such as that done for the "large scale" 
survey) woUld be necessary to quantify the effect of exfoliation over 
the entire rock platform. This was not done in this study. 
The effect of exfoliation appeared to be greatest where initial 
popUlations of Galeolaria were large. These sites correspond to areas 
of the platform that receive a great amount of wave energy, 
particularly fran southerly storms. Very strong and persistent wa·•e 
action woUld have a more damaging effect on well-developed sheets of 
worms, where the worms form a layer that extends 5 to 10 em above the 
surface of the rock. Similarly, Harger and Landenberger (1971) found 
that a disproportionately large number of mussels were lost from larger 
mussel beds. Waves may completely remove masses of worms, leaving 
clean patches of bare space on the rock, or cause damage to the tubes 
by removing the outer portion of the tubes. In the second and third 
years of sampling, such damaged tubes were observed, and sane worms 
survived the damage to repair and rebuild tubes (Fig. 2B.12). The 
areas of the platform that receive less direct wave-action, along the 
24 
Abundance of Worms Through Time 
Wreck Shore, had initially smaller populations of worms which tended to 
form thinner sheets on the rock. These appeared to be less susceptible 
to removal by waves. 
Populations "high" on the shore did not change markedly through 
time. They remained more variable, both with respect to the numbers of 
adults and juveniles, and had generally smaller numbers of worms 
canpared to "lc:M" positions at the same site. This result suggests 
that the mechanisms that maintain such variable, relatively small 
populations operate in a similar manner through time. Mechanisms that 
could produce such a pattern include variable and differential 
settlement and survival "high" on the shore canpared to "lc:M" on the 
shore (Connell, 1970; Denley and Underwood, 1979). 
On the larger scale which encanpasses the entire rock platform, 
the sites where worms were initially abundant maintained large 
populations, despite the destructive, patchy effects of exfoliation. 
Similarly, sites with small initial abundances maintained small 
abundances of worms though time (e.g. Sites 5, 9, 11). This sug~sts 
that there are some inherent differences between places on the platform 
with respect to their attractiveness to settling larvae. Sites exposed 
to strong wave-action may be preferred by settling larvae, or such 
sites may afford settled larvae greater survivorship. The fact that 
juvenile worms showed preferences for the sites where adults were 
abundant suggests that both mechanisms may contribute to the 
maintenance of large populations of worms on exposed areas of the 
platform at Cape Banks. 
More juveniles were recorded in the first sampling year than in 
the two subsequent years. This indicates that either or both 
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settlement and survival vary from year to year. Such variation in 
settlement and recruitment may have important consequences to the 
abundance and distribution of worms, and is examined in detail in 
Chapter 3. 
Changes in the abundance of worms, then, Ole mainly attributed to 
the action of waves that remove patches of worms fran the rock. The 
removal of worms by waves appears to have significant effect mainly 
where the initial abundance of worms was large, that is where worms 
formed thick layers on the rock. 
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C: Tube Form 
Introduction 
Tube Form 
As described in Chapter 2A, the form of the tube of Galeolaria 
varies frcm place to place on the shore. In general, tubes grow flat, 
or prostrate against, the substratum where their density is small, or 
at the edges of patches of worms, while tubes grc:JN upright or at sane 
angle between 0° and 90° where the density of worms is large (Fig. 
2C.1 B). Measurements of the two different types of tubes were taken to 
quantify differences in tube form. 
Materials and Methods 
Because the posterior end of tubes erodes as prostrate worms grow, 
and because tube length is impossible to measure where the density of 
worms is great, the thickness of tubes and width across the opening of 
tubes were measured (see Fig. 2C. 1 A). 
One hundred worms were chosen at random from worms collected for 
use in the analysis of population structure (see Chapter 2D). Fifty 
worms fran a dense patch (229 worms in 25 cm2 ) and 50 frcm areas with 
small density (2 to 25 in 25 cm2 ) were measured. 
Three measurements of each tube were made (see Figure 2C.1A). 
They were: 1) the thickness of the tube at the keel, 2) the thickness 
of the tube at the side of the tube, and 3) the width of the opening of 
the tube, fran the outside edge of the tube on one side to the outer 
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FIGURE 2C.1 
A. Schematic diagram indicating locations of measurements of worm 
tubes. 
B. Lateral and anterior views of two types of worm tubes. 
A. 
B. 
Width of tube 
at opening 
Thickness at keel 
~ ~ Thickness at side 
UPRIGHT FORM 
PROSTRATE FORM 
0 . 1 .2 .3 .4 .5 
CM 
FIGURE 2C .1 
TABLE 2C.1 
Means (:t S. E.) of measurements (mm) of two types of tubes <n = 50 
me as ur eme nt s ) 
Prostrate Form Upright Form ~ df sig 
At keel 0. 96 (0.03) > 0.60 (0.02) 9. 01 98 ••• 
At side 0.86 (0.04) > 0.36 (0.02) 8.00 49 •• 
Outside Width 2. 96 (0 .08) > 2.63 (0 . 06) 3.29 49 •• 
Tube Form 
edge of the tube on the opposite side, across the widest diameter of 
the tube. All measurements were made using calipers with an accuracy 
of 0.05 mm. 
Results 
Fig. 2C . 1B summarises the difference in tube form for two worms 
with the same internal tube diameter. 
All three measurements were significantly greater for worms that 
grew flat against the substratum than for worms that grew upright or at 
some angle between 0 and go 0 with respect to the substratum (Table 
2C.1, 1-tests, ~ < 0.05). 
Discussion 
Tubes that grGI at some angle between 0 and goo with respect to 
the substratum have thinner tubes than those that grow prostrate 
against the substratum. Most obvious is that considerably less calcium 
is deposited in the area of the keel, the structure that makes the 
prostrate form of tubes appear triangular in cross section. The sides 
of the upright form of tubes were also thinner, causing the upright 
tubes to appear more circular in cross-section. 
Because the prostrate growth fonn has little elevation above the 
surface of the rock, and because the tube adheres to the rock along the 
entire length of the tube, that fonn appears to be more resistant to 
damage by waves. In contrast, it would seem that the thinner tubes of 
the upright form which extend higher above the substratum would be less 
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resistant to removal by waves. Structures with a greater elevation 
v f' "'-\\-t?...Ch~ 
above the substratum need a larger surface areaJ to avoid dislodgment 
(Bourget and Crisp, 1975). But the upright tubes derive extra 
structural rigidity by intertwining with other tubes and sharing common 
walls with neighboring wonns. I have observed two types of damage in 
patches of upright tubes. The first, fran which the worms appear to 
recover, occurs when waves, or possibly wave-carried rocks break off 
the anterior ends of the tubes (see Fig. 2B.12). The worms probably 
survive such damage by withdrawing into their tubes, then begin to 
rebuild the free-standing portion of the tube. The second type of 
damage occurs when the entire mass of tubes breaks cleanly away from 
the rock, leaving bare rock (Fig. 2B. 9). This type of damage is most 
obvious in areas where Galeolaria fonns a thick layer on the rock. 
Paine and Suchanek (1983) found that large size in pyura increased its 
susceptibility to removal by storm waves, and Harger and Landenberger 
( 1971) found that larger mussel beds suffered more damage frcm storms 
than smaller beds. Removal or damage of wonns opens up space on the 
platform for settlement of Galeolaria and other plants and animals. 
It is not known which type of tube, if either, is more 
energetically efficient to grow. The tubes of upright worms are 
generally longer, although this difference could not be quantified 
here. It may be that producing a long, thin tube may be energetically 
equivalent to growing a shorter, thicker tube. Dixon (1980) found that 
68% of the energy budget of Mercierella ~nigmatica is required to 
secrete the matrix which binds the calcium of the worm's tube together, 
but the relative amounts of tube matrix required to make the different 
types of tubes is unknown. Also unknown is the energetic "trade-off" 
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between secretion of a tube and grCMth of the worm itself. Worms 
grCM ing flat do not appear to be any different in size fran worms 
grCMing upright, although quantitative data were not collected to test 
this hypothesis. 
Worms are able to alter the type of tube they secrete. I have 
observed when removing dense patches of wonns fran the rock that the 
older, empty tubes close to the substratum often grew nat against the 
rock before twisting upwards. 
Such bi-morphous grCMth in one species has been reported for other 
serpulids. For example, Klockner (1976) found a flat, sinuous fonn and 
a twisted, upright form for Pomatoceros trigueter in the southern North 
Sea. Mercierella eniwatica was found to grCM prostrate and fused to 
the substratum ("creeping form") and in the twisted, upright, often 
undirected form (Hartmann-Schroder, 1967). The latter, according to 
Hartmann-Schroder ( 1967), probably arises when settlement of larvae is 
dense. A dense settlement of larvae in a short period may only be one 
mechanisn which causes the upright grCMth form. Thd gradual 
accumulation of wonns over a long period of time may also cause wonns 
to grCM upright tubes. 
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Chapter 2 
D: Population Structure 
Introduction 
Little is known about the population structure of G~eolaria. 
While preparing fertilizations of Galeolaria eggs for student 
demonstrations, zoologists in the School of Biological Sciences noted 
that there often appeared be more males than females in clumps of worms 
(Prof. D.T. Anderson, pers. comm.). No--one has quantified the observed 
difference or sugggested a cause. Quantitative samples were taken to 
determine the sex-ratio, the fraction of the population producing 
gametes, and the number of juveniles. Because samples were taken at 
the same time and place that estimates of abundance of juveniles were 
made, the samples provide a comparison between the observed number of 
juveniles in the field and the numbers recorded in field counts (see 
Chapter 2B). 
Materials and Methods 
At the same eight sites sampled monthly for ntmbers of wonns 
(Chapter 2B), samples of Galeolaria were taken every second month frcm 
August, 1982 to December, 1983 (except when not possible due to weather 
conditions). Samples were not taken more frequently in order to 
minimize the effect of the sampling on the abundance of the remaining 
popUlation. Wonns present in randomly thra.~n 5 x 5 em quadrats were 
removed from the rock with a hammer and chisel. Five replicate samples 
were taken, placed in separate labelled plastic bags and preserved in 
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5-10% formol seawater. After at least one week in formol seawater, the 
samples were washed through a 0.05 mm sieve to remove formalin, and 
stored in 95% ethyl alcohol. The worms were removed fran their tubes 
and sorted into the following categories: 
Male: worms with white to cream-coloured sperm fluid coagulated 
within or surrounding the abdomen, 
Female: worms with orange eggs within or surrounding the abdomen, 
Juvenile: worms with no eggs or sperm present and with an 
operculum less than 1.0 mm in diameter, or with less than 35 abdominal 
sesment s. 
? : no eggs or sperm present, opercular diameter greater than 1 .0 
mm, or more than 35 abdaninal segp~ents. This category included young 
worms that were not mature and larger worms without gametes. 
Incanplete: worms missing abdaninal segp~ents (no determination of 
sex possible) 
Due to the constraints of time, three replicate samples from 
August, October, and December 1982, and October and December 1983 at 
Sites 5, 17, 19 and 20 were sorted and analysed. These samples were 
chosen to represent places where worms were sparse or dense in the 
months when juveniles were most likely to be present. 
Analysis of data 
The mean numbers of worms in each category were calculated. The 
nunber of males and females found in the high samples and in low 
samples were summed for each month and used in two separate x2 
analyses to test the hypothesis that the ratio of the sexes was one to 
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one. 
The proportion of worms producing gametes was calculated by 
dividing the number of males and females by the total nllllber of worms 
present. Because the sex of incomplete worms could not be determined, 
they were anitted fran these calculations. 
Results 
Because of the manner in which the samples were taken, a 
proportion of the worms collected were damaged and their sex could not 
be determined. When combined with the fraction of the sample 
comprising intact worms whose sex could not be determined, this 
"unknown" proportion of the sample was as great as 62% in some samples 
(mean value= 45% .± 0.04, Table 20.1). Although tmavoidable, this 
high proportion affects estimates of other population parameters by 
causing the effective sample size to be s:naller than the actual sample 
taken. Whether this proportion of "unknowns" biases the conclusions 
reached by the sampling is unknown. The only category not affected by 
the presence of "unknowns" in the sample was juveniles. 
In 6 out of 10 samples, the proportion of males was significantly 
greater than that of females (for S\.IIllllary, see Table 20.2). 
The mean proportion of worms with gametes in all samples was 0. 75 
(_± 0 .03)(Tabl e 20.1). 
In 29 out of 40 comparisons, the number of juveniles counted in 
the field and the number collected in samples were not significantly 
different (Table 20.3). This indicates that there was generally good 
agreement between the number of worms counted in the field and the 
33 
TABLE 2D. 1 
Mean number <± S.E.) of worms in 5 categories <n = 3 samples, each a 5 
x 5 em quadrat) 
Male Female Juv. ? Incomplete 
August 1982 
Site 5 High Oo7 1o0 0 0.3 0 
(Oo3) (Oo6) (0) (0.3) (0) 
Low 7o7 12o0 1.0 3o0 4o7 
(3o0) (6o4) (0) (3o0) (3.2) 
Site 17 High 8o3 26o0 6o6 4o7 15o7 
( 6 0 4) ( 20 0 6) (3o2) (2o9) (9o3) 
Low 34o3 55o0 31.0 42o0 29o3 
(2.3) (2o0) (5o0) (19o6) (13o9) 
Site 19 High 2o3 7o0 0.3 2o3 6o3 
(Oo9) (5o1) (Oo3) (1o2) (4o5) 
Low 20o3 32o3 10o3 14o3 30o7 
(Oo7) (5o3) (4o1) (4o8) (8o7) 
Site 20 High 13o3 18.3 1.0 6o0 7.0 
(1o2) (8o8) (Oo6) (1.0) (4.2) 
Low 40o0 37o3 6o3 14.3 27.0 
(3o5) (15o3) (1.2) (6.7) (6.5) 
Proportion of ? and Incomplete in samples: High = 0 .49, Low = 0.57 
Proportion of sample producing gametes: High = 0.79, Low = 0.66 
TABLE 2D.1 (Cont'd) 
Mean number (~ S.E.) of worms in 5 categories (Q = 3 samples, each a 5 
x 5 em quadrat) 
Male Female Juv. ? Incomplete 
October 1982 
Site 5 High 2.0 1.3 0 0 0.7 
(2.0) ( 0. 9) ( 0) ( 0) ( 0. 3) 
LCM 6.3 8.0 1 . 0 0.3 0.7 
( 1. 9) ( 4. 7) ( 1. 0) (0.3) ( 0. 3) 
Site 17 High 10.3 24.0 2.7 2.0 1 o. 7 
( 7. 0) (18.8) ( 1 . 3) ( 1. 5) (7. 9) 
LCM 21.7 27.3 2.0 7.7 22.0 
(6.6) (12.4) (0.6) (4. 2) (8. 7) 
Si te 19 High 5.0 6.3 0.3 0.7 4.3 
(2.5) ( 1. 9) ( 0. 3) (0 . 3) (2. 4) 
LCM 42.0 50.0 36.3 2.0 46.7 
( 4. 5) (9 .1) (7.3) (0.6) (7. 2) 
Site 20 High 17 .o 19.0 4.0 3.0 12.0 
(3. 0) ( 1 • 2) ( 1. 7) ( 1. 0) ( 1. 7) 
Low 36.0 35.0 41.3 4.0 48.7 
(13.9) ( 9. 5) ( 17. 2) ( 0. 6) (17.0) 
Proportion of ? and Incomplete in samples: High = 0.36, Low = 0.43 
Proportion of sample producing gametes: High= 0.87, Low= 0.71 
TABLE 20.1 (Cont'd) 
Mean number<± S.E.) of worms in 5 categories <n. = 3 samples, each a 5 
x 5 em quadrat) 
Male Female Juv. ? Incomplete 
December 1982 
Site 5 High 1.3 0 0 0 0 
(0. 9) (0.3) ( 0) ( 0) ( 0) 
LCM 4.3 8.0 1.7 4.7 1.7 
(2. 3) (3. 8) (0.7) ( 1. 7) ( 1. 2) 
Site 17 High 7.0 6.7 5.3 3.3 5.0 
( 0) (0.3) (3. 9) (2.0) ( 1. 5) 
LCM 17 .o 37.3 25.0 14.3 18.0 
(7. 1) (18.6) ( 17. 0) ( 9. 5) (5. 0) 
Site 19 High 24.0 36.6 21.0 8.3 21.0 
(12.8) (18.6) (10.7) (4.3) ( 9. 9) 
LCM 22.3 38.7 16.0 5.0 23.7 
( 1. 2) ( 4. 8) (8.7) ( 0. 6) (7. 3) 
Site 20 High 29.3 31.3 15.3 8.0 13.0 
(6.6) (15.9) (3. 3) ( 1 • 2) (6.6) 
LCM 32.6 55.3 49.3 26.0 34.0 
(7.3) (14.8) (9. 9) (10.1) (4.6) 
Proportion of ? and Incomplete in samples: High = 0.32, Low = 0.41 
Proportion of sample producing gametes: High = 0.69, Low = 0.60 
TABLE 2D.1 (Cont'd) 
~~an number C± S.E.) of worms in 5 categories (Q = 3 samples, each a 5 
x 5 em quadrat) 
Male Female Juv. ? Incomplete 
October 19 83 
Site 5 High 2.3 1.3 0 0 0.7 
( 1. 3) (0.6) ( 0) ( 0) ( 0. 3) 
Low 3-3 3.0 0 2.0 1. 7 . ( 1. 5) (0. 6) ( 0) (2. 0) (0.7) 
Site 17 High 1.0 1.7 0 0.7 0.3 
(0.6) ( 0. 3) ( 0) (0.7) (0. 3) 
LCM 3.0 6.0 0 1.0 1.0 
(0.6) (3. 6) ( 0) (0.6) ( 0) 
Site 19 High 3-7 2.7 0 0.7 4.0 
( 1 . 3) ( 1. 5) ( 0) ( 0. 3) (0.6) 
LCM 29.0 37.0 5.0 3.7 25.7 
(12.7) (18.5) (2.0) ( 0. 9) ( 10. 2) 
Site 20 High 8.7 6.3 1.3 4.7 7.0 
(3. 2) ( 1. 9) (0.3) (2.6) (3. 6) 
Low 18.0 23.3 3-7 3.3 19.7 
(5. 2) (4.7) (2.0) ( 1. 2) ( 7. 1) 
Proportion of ? and Incomplete in samples: High = 0.62, Low = 0.44 
Proportion of sample producing gametes: High= 0.79, Low= 0.86 
TABLE 20.1 (Cont'd) 
Mean number (~ S.E.) of worms in 5 categories (Q = 3 samples, each a 5 
x 5 em quadrat ) 
December 1983 
Site 5 High 
Low 
Site 17 High 
Low 
Site 19 High 
LCM 
Site 20 High 
Low 
Male Female Juv. ? 
1.3 
(0.9) 
10.7 
(2. 2) 
0.3 
(0.3) 
1 o.o 
(6. 5) 
7.3 
(3. 5) 
20.7 
(5.7) 
3-3 (2.4) 
29.0 
(14.0) 
2.0 1.3 1.0 
(1.0) (0.3) (1.0) 
12.0 3.0 1.0 
(6.6& (0.6) (0) 
0.7 0 2.0 
(0.3) (0) (0.6) 
12.3 4.7 1.7 
(6.4) (3.2) (1.2) 
6.3 3-7 1.3 
(1.5) (1.2) (0.9) 
20.3 3-3 1.3 
(6.5) . (0.9) (0.3) 
2.7 1.7 0.7 
(1.2) (1.7) (0.7) 
28.7 8.0 4.7 
(11.6) (5.1) (1.8) 
Incomplete 
0 
( 0) 
7.0 
( 1. 2) 
0 
( 0) 
1.3 
( 0. 3) 
11.0 
( 1. 5) 
11.3 
(4. 8) 
3.0 
(2. 5) 
18.7 
(6.7) 
Proportion of ? and Incomplete in samples: High = 0.62, Low = 0.44 
Proportion of sample producing gametes: High = 0.79, Low = 0.86 
Mean proportion of ? and Incomplete in all samples : 0.45 (0.03) 
Proportion of all samples producing gametes: 0.75 (0.003) 
TABLE 2D.2 
Summary of x2 tests testing the hypothesis that the distribution of 
males and females in the samples was even (Q = 0.05). 
Total No. Total No. 
Date Position of Males of Females x2 sig 
Aug 82 High 157 77 27.3 •• 
Low -410 307 14.8 •• 
Oct 82 High 152 103 9.4 •• 
Low 361 318 2.7 ns 
Dec 82 High 266 185 4. 1 • 
Low 418 229 55.2 ••• 
Oct 83 High 36 47 1.5 ns 
Low 208 160 6.3 •• 
Dec 83 High 35 37 0. 1 ns 
Low 211 220 0.2 ns 
TABLE 2D. 3 
Comparison of the numbers of juveniles recorded in field counts (Field 
Counts) and numbers counted in samples taken to the laboratory 
(Destructive Samples). n = 12 for all field counts, except December 
1983 (_n = 20); .n = 3 for all destructive samples. Where a ..!;:-test could 
not be done (one of the variances was 0), the 95% confidence limit 
around the other mean is given. Results of tests are for Q = 0.05. 
August 1982 
Site 5 High 
Low 
Site 17 High 
Low 
Site 19 High 
Low 
Site 20 High 
Low 
October 1982 
Site 5 High 
Low 
Site 17 High 
Low 
Site 19 High 
Low 
Site 20 High 
Low 
Mean of 
Field S. E. 
Counts 
0.5 
0.6 
1.4 
4.7 
1.1 
12.2 
1.4 
8.4 
0.4 
8. 1 
4.8 
17.2 
3.7 
16.8 
12.3 
62.9 
0.2 
0.1 
0.5 
1.0 
0.3 
3.8 
0.6 
1.6 
0.2 
1.3 
1.2 
3.3 
1.3 
3.0 
Mean of 
Destr. S. E. 
1 or 95% 
Confidence 
Interval Samples 
0 
1.0 
6.6 
31.0 
0.3 
10.3 
1.0 
6.3 
0 
1.0 
2.7 
2.0 
4.0 
41.3 
0 
0 
3.2 
5.0 
0.3 
4. 1 
0.6 
1.2 
1.03-(-0.3) 
1 .04-0.12 
1.61 
5.15 
1.36 
0.23 
0.34 
0.64 
0 0.99-(-0.15) 
1.0 2.63 
1.3 
0.6 
0.3 
7-3 
1.7 
17.2 
0.82 
4.52 
2.33 
2. 79 
1.35 
1.15 
Sig. 
ns 
ns 
ns 
• 
ns 
ns 
ns 
ns 
ns 
• 
ns 
• 
• 
• 
ns 
ns 
TABLE 2D.3 (Cont'd) 
Mean of Mean of ~ or 95% 
Field S. E. Destr. S.E. Confidence Sig. 
Counts Samples Interval 
December 1982 
Site 5 High 2.4 0.6 0 0 4.23-0.61 • 
Low 5.4 1 • 6 1.7 0.7 2.12 ns 
Site 17 High 7.8 2.0 5.3 3-9 0.57 ns 
Low 21.8 2.5 25.0 17 .o 0.18 ns 
Site 19 High 24.6 5.2 21.0 1 o. 7 0.31 ns 
Low 21.1 3.4 16.0 8.7 0.63 ns 
Site 20 High 1 o. 8 2.8 15.3 3.3 0.74 ns 
Low 36.1 7.4 49.3 9.9 0.84 ns 
October 1983 
Site 5 High 0.3 0. 1 0 0 0.57-(-0.07) ns 
Low 1 • 0 0.4 0 0 2.15-(-0.15) ns 
Site 17 High 1.3 0.3 0 0 2.10-0.40 • 
Low 1.3 0.4 0 0 2.34-0. 16 • 
Site 19 High 1.3 0.5 0 0 2.77-(-0.11) ns 
Low 3-5 0.9 5.0 2.0 0.72 ns 
Site 20 High 7.8 1.9 1.3 0.3 2.26 * Low 14. 1 1.9 3-7 2.0 2.54 * 
December 1983 
Site 5 High 14. 1 1.9 3-7 2.0 2.54 * Low 0.7 0.2 1.3 0.3 1.29 ns 
Site 17 High 2.8 0.7 0 0 4.87-0.73 ns 
Low 4.3 0.9 4.7 3.2 0.13 ns 
Site 19 High 2.8 0.5 3.7 1 • 2 0.59 ns 
Low 6.9 1 . 0 3-3 0.9 1.29 ns 
Site 20 High 5.0 0.9 1.7 1.7 1.35 ns 
Low 14.2 1.9 8.0 5. 1 1.14 ns 
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nt~nber actually present. 
Discussion 
The sampling method used to determine population structure 
presented two problems in interpreting the results. Where worms 
occurred in thick patches, it was impossible to chisel them off the 
rock without damaging some. Because of this damage, the sex of many 
worms could not be determined. Although care was taken when sampling, 
the intertwined nature of the worms in clumps makes damage unavoidable. 
Second, sane worms had no evidence of gametes in or around the body. 
Although care was taken when sorting samples to detect sperm or eggs 
that had been shed into the tube, there were many worms in the 
"unknown" category in some samples. In addition to worms that lacked 
gametes, this category also includes worms that shed gametes naturally 
before being collected. In a few samples, the large number of worms of 
u:1known sex was due to many post-juvenile worms, but these were not 
separated fran larger worms. 
No satisfactory explanation exists for the excess of males in 
most samples. Straughan ( 197 2) found that the highest percentage of 
males in any population was 40%, the opposite of the trend in 
Galeolaria. The unequal distribution may arise in many ways. The most 
feasible mechanisms are 1) worms may be genetically encoded to produce 
more males than females, or 2) females may suffer a greater mortality 
compared to males. There is, however, no~ priori reason for an 
unequal sex ratio to be genetically determined. Foyn and Gjoen ( 1953) 
found that Pomatoceros trigueter was protandric, but there is no 
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indication of protandry in Galeolaria. The data I recorded for worms 
just becoming sexually mature (eight months old and settled in early 
spring) suggested an equal distribution of the sexes (see Chapter 4A, 
Table 4A.3). As the worms grow, they are subject to mortality due to 
the presence of grazing gastropods (Chapter 4C), but such mortality, or 
other postulated causes of death are unlikely to cause greater 
mortality in females alone. It is possible, because eggs are larger 
than sperm, that females suffer greater mortality as a consequence of 
spawning. If the exact nature of the means by which eggs leave the 
female's body under natural conditions were known, it might be possible 
to test the hypothesis that females suffer greater mortality in the 
course of spawning. As this is unknown, further speculation is 
pointless. 
The samples collected in the field re-inforce the general pattern 
of abundance of juveniles discussed in Cllapter 2B. There were more 
juveniles present in samples with greater abundance of adults, and the 
number of juveniles in the 1982 settling season was greater than that 
for the following year (Table 2B.3). 
While a great deal of reliable information can be collected in the 
field without disturbing the worms, the collection of sane quantitative 
samples provided an opportunity to assess the accuracy of field 
methods. Additionally, this sampling has supplied evidence for an 
observation previously relegated to "folklore" (the unequal 
distribution of sexes), providing a numerical basis for future work on 
the distribution of the sexes in this species. 
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Chapter 2 
E: Distribution and Abundance of Eggs 
Introduction 
Ripe female Galeolaria can be found year-round, although they are 
much more abundant in the spring and summer months (Andrews and 
Anderson, 1962; Grant, 1981; Marsden and Anderson, 1981; pers. obs.). 
Andrews and Anderson (1962) used this evidence to conclude that the 
wonns spawn throughout the year. No evidence was provided, however, to 
indicate that worms would actually spawn at any time, even though eggs 
were present and were shed whenever wonns were removed frcm their 
tubes. Most species of serpulids shed their eggs when removed frcm 
their tubes (Foyn and Gjoen, 1953; Wisely, 1958a; Andrews and Anderson, 
1962; Straughan, 1972; Crisp, 1977; Dixon, 1980), even though 
individuals contain gametes that are not fully mature (Dixon, 1980). 
No information is available regarding the nliilber of eggs worms 
produce, or whether the number of eggs varies throughout the year. If 
spawning is restricted to a limited period of time (e.g. one month), 
then spawning might be indicated by an increase in the number of eggs 
in the period previous to the arrival of larvae on the shore, and a 
decrease thereafter. Here, I attempt to correlate the numbers of eggs 
present before and during the period of peak recruitment (August to 
December) with the arrival of early recruits on the shore. 
As for other serpulids (e. g. Crisp, 1977), estimates of the length 
of larval life vary according to the temperature at which laboratory 
populations were maintained. The shortest estimate for Galeolaria is 
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10 days (Grant, 1981) and the longest 19 days (Andrews and Anderson, 
1962). I have maintained larvae in the laboratory for 28 days 
indicating that this species may be able to delay metamorphosis for 
some period after the three-setiger stage has been reached. Data 
presented elsewhere (Chapter 3) indicated that in 1983 larvae began to 
settle late in September, reaching peak abundance in mid-October. 
Although larvae settling in that period need not have been produced by 
the adult population at those sites (i.e. they might have been produced 
elsewhere and transported to Cape Banks by currents and waves), an 
indication of the spawning activity of worms at Cape Banks might be 
indicated by an increase in the nunbers of eggs present in September. 
Female worms were collected to determine whether the nunber of eggs 
changed throughout the settling season, and to examine the relationship 
between the sizes of worms and their reproductive output. 
Materials and Methods 
Clumps of worms were removed fran the rock at two sites where 
worms were dense (Sites 19 and 20, Fig. 2A.1) once a month from August 
to December, 1983. The clumps were brought to the laboratory and 
carefully broken apart. Ten females fran each site were placed into 
specimen vials half-filled w itb fresh seawater. Care was taken to 
remove females quickly fran their tubes before they began to shed eggs. 
The worms were allowed to shed eggs into the seawater for about five 
hours. The majority of eggs were shed within the first half hour after 
removal, but ample time was allowed to ensure that the maximum number 
possible was shed. After five hours 5-10% formol seawater was added to 
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each specimen tube. This procedure allCTWed eggs to be shed freely. In 
general, eggs of various sizes were shed through slits in the abdominal 
wall. No female shed all the eggs contained in the abdanen. It was 
assumed that the number of eggs remaining in the abdomen was 
proportional to the initial number present, and those remaining within 
the worm were not counted. 
A. Counting Eggs 
After at least two days in formol-seawater, the female was removed 
to a labelled tube and stored for future measurements in 95% ethyl 
alcohol. The eggs were transferred to a 100 ml beaker and the formol 
seawater diluted to 60 ml with Isotone, an isotonic solution. Counting 
was done using a Coulter counter. Eggs were stirred constantly with a 
plastic stirring rod while being sampled. Four replicate samples, each 
of 2 ml, were sucked through the counting tube which had a 0.28 mm 
aperture. The nunber of eggs in each subsample was recorded fran the 
digital display on the Coulter counter. After correcting for the 
dilution of the sample, the mean nunber of eggs, calculated fran the 
four replicate readings, was used in further analyses. 
B. Measurements of females 
The nunber of abdominal segments and the width of the operculum 
were recorded for each worm. The width of the operculum was measured 
using a dissecting microscope with an attached video camera linked to a 
position analyzer and Canmodore 64 canputer. The operculum was 
measured across the widest part of the main opercular plate (Fig. 
2E. 1), not including the snall fringing spines surrounding the main 
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FIGURE 2E.1 
Enlarged drawing of the operculum of Q. caespitosa. Arrow indicates 
diameter of operculum as measured, excluding the small fringing spines. 

TABLE 2E. 1 
Mean number (~ S.E.) of eggs, abdominal segments and size of operculum 
at two sites, August to December 1983 (n. = 1 0) • 
Mean No. Mean Diameter 
~nth Site Mean No. Eggs Abdaninal of Operculum 
(.± S. E. ) Segments (mm) 
August 19 18,112 ( 3,022. 9) 70.5 ( 5.3) 0.92 ( 0.04) 
20 35,092 (7,540.0) 71.4 (6.6) 0.94 (0.05) 
September 19 22,627 (4,349.5) 67.3 (3.7) 0.82 (0.02) 
20 19,413 (5,058.7) 76.6 (3.7) 0.90 (0.04) 
October 19 18,834 (3,520.5) 64.7 (3.9) 0.84 (0.03) 
20 23,173 (5, 264. 8) 66. 1 (3. 1) o. 82 (0 .04) 
November 19 16,258 (2,207.9) 77.2 (3.3) 0.82 ( 0.03) 
20 32,918 (6,917.8) 86.3 ( 3. 1) 0. 96 (0.04) 
December 19 46,463 (8,449.4) 79.7 (5.1) 0.93 ( 0.04) 
20 51 , 56 9 ( 13,459. 4) 79.3 (4.6) 0.84 (0.06) 
TABLE 2E. 2 
Results of two-way ANOVAs (Q = 0.05) and SNK tests (Q = 0.05). 
A. Number of Eggs. (Data transformed as ln (x).) 
Source ss df MS F sig 
1-bnths 8.98 4 2.25 3. 87 *** 
Sites 0.77 1 0.77 1.32 ns 
t-'10 n ths x Sites 2. 53 4 0.63 1.09 ns 
Residual 52.28 90 0.58 
Total 64.56 99 
October = September = November = August < December 
B. Number of abdominal segments. (Data transformed as X+1.) 
Source ss df MS F sig 
1-bnths 12.26 4 3. 07 4.20 •• 
Sites 1.42 1 1.42 1.94 ns 
1-'.tonths x Sites 1.45 4 0.36 0.49 ns 
Residual 65.64 90 0. 73 
Total 80.77 99 
October = August = September = December = November 
C. Diameter of opercula. (Data untransformed.) 
Source ss df MS F sig 
1-bnths 0.08 4 0.02 1.31 ns 
Sites 0.01 1 0.01 0.90 ns 
1-bnths x Sites 0.18 4 0.04 2.96 • 
Residual 1.39 90 0.02 
Total 1.66 99 
Results of SNK tests (Q = 0 .05) 
By Site 
August 19 = 20 
September 19 = 20 
October 19 = 20 
November 19 < 20 
December 19 = 20 
By Month: 19 : August = September = October = November = December 
20 : August = September = October = November = December 
TABLE 2E. 3 
Regression equation for number of eggs on two parameters of body size 
(,!l = 1 00) • 
A. Regression of number of eggs on number of abdominal segments (data 
untransformed). 
Y = 601 X - 158820 
Correlation Coefficient: 0.4, Q = 0.00, df = 98 
B. Regression of number of eggs on diameter of operculum. (Data 
untransformed.) 
Y = 0.001 X + 0.59 
Correlation coefficient: 0.45, ~ = 0.00, df = 98 
opercular plate. It was found that these small spines were connected 
to the main plate by soft tissue, and varied fran being in the same 
plane as the main plate to being perpendicular to it. Because this 
variation in the angle of the small spines changed the diameter of the 
operculum, the measurements were taken across the main, immovable part 
of the opercular plate. 
Analysis of Data 
The numbers of eggs (transformed as ln (x)), the numbers of 
abdaninal segments (transformed aslx+1), and diameters of opercula 
were used in separate two-way, fixed ANOV As with main factors Month ( 5 
levels) and Site (2 levels). 
To examine the relationship between size of females and n\.lllbers 
of eggs, the numbers of eggs were regressed separately on numbers of 
abdominal segments and diameter of operculum. 
Results 
A. Number of eggs 
The number of eggs present in worms differed among the five months 
(ANOVA, Q. < 0.05, Table 2E.2A). SNK tests showed that worms in October 
and September had the least number (see Table 2E.1 for means), and 
those in December had significantly more eggs than _in any other month 
(SNK tests, J? < 0.05, Table 2E.2A). Thus, there was a marked decrease 
in the numbers of eggs present at the beginning of summer (December). 
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FIGURE 2E.2 
Number of eggs (x 103) plotted against number of abdominal segments 
(~ = 100) (see Table 2E.3). 
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Eggs 
B. Number of abdaninal segments 
The number of abdominal segments in worms also differed among 
months (ANOVA, 2_ < 0.05, Table 2E.2B) however SNK tests could not 
distinguish between the means (.Q > 0.05). With the exception of 
August, the means for the number of abdominal segments were in the same 
rank order as means for the nu:nber of eggs. Thus, a larger sample size 
was necessary to establish differences in the numbers of abdominal 
segments of wonns collected in different months. 
C. Diameter of opercula 
The diameter of opercula did not differ among months or sites but 
the interaction between month and site was significant (ANOVA, 2_ < 
0 .05) due to the difference in the size of opercular diameters of 
worms collected at Site 19 and Site 20 in November 1983 (Table 2E.2B). 
D. Relationship between size of wonns and numbers of eggs (Figs. 2E.2, 
2E.3) 
Regressions of numbers of eggs on the two measures of size were 
significant (J2. = 0.00 for both regressions, Table 2E.3). This 
indicates that the number of eggs is positively correlated with both 
measures of body size (Table 2E.3, Figs. 2E.2, 2E.3). 
Discussion 
The method used to estimate the abundance of eggs did not sample 
all the eggs present in the abdominal segments of worms. It is not 
known if this method of collection biases the data. As reported for 
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other species of serpulids (Foyn and Gjoen, 195lJ; Wisely, 1958a, 
Straughan, 1972), Galeolaria sheds gametes when removed fran its tube 
through small slits in the wall of the abdomen. Other authors have 
also observed the discharge of eggs through abdominal nephridopores at 
the base of the neuropodia (Vuillemin, 1968). I have also observed 
eggs in abdominal pores of Galeolaria that were preserved intact 
(within their tubes), indicating that this method may be employed for 
natural spawning. Thus, while individual worms may have eggs of many 
sizes in the coelom (Dixon, 1980), they may only shed ripe eggs in 
natural conditions. The sampling method used here, then, may represent 
the maximun number of eggs that a female might shed during the entire 
spawning season. It is not lmown why some eggs remain in the coel an 
after induced spawning, or whether these eggs are ::maller than the eggs 
freely shed. All worms shed eggs of various sizes, although larger 
worms with intensely orange abdomens seemed to shed eggs more quickly 
than worms with pale orange abdomens. It would be possible to 
determine whether thi~ method of collecting eggs is biased by removing 
all eggs remaining in the abdomen and comparing their nunber to those 
shed freely by each worm, but this was judged to be too time-consuming 
to attempt, especially given that is not lmown if worms shed all their 
eggs under natural conditions. 
In December 1983, worms had more eggs than in any other month, and 
fewest eggs in September and October. The length of larval life 
determined fran laboratory cultures (Andrews and Anderson, 1962; Grant, 
1981; Marsden and Anderson, 1981) suggests that the eggs of larvae that 
settled in mid-October (peak settlement for that year) would have been 
shed in late September. The nllllbers of eggs counted for worms 
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collected in September were small compared to other months; three 
models are proposed to account for this discrepancy. 
First, it is possible tyat the worms had already shed the majority 
of their eggs by the timy{ made my collection ( 19 September). Second, 
the larvae that settled in large numbers in mid-October were not the 
progeny of adults at Cape Banks. Third, that larvae take longer to 
develop in the plankton in early spring than indicated by laboratory 
studies. The larvae settling in October may have been spawned in 
August, when the number of eggs was large, retained in nearby waters 
and returned to settle one and a half months later. A corollary to 
this last model is that the large number of eggs present in December 
shoUld have produced a second peak of early recruitment in January, 
considering that higher water temperatures in summer woUld shorten the 
required period of development in the plankton (Andrews and Anderson, 
1962; Sentz-Braconnot, 1968; Crisp, 1977; Grant, 1981). No such peak 
was observed (Chapter 3A), despite sampling that extended into 
February. A combination of these models may, nevertheless, be valid. 
The larvae that presumably developed from eggs present in December 
coUld have been carried away fran Cape Banks. 
Clearly there is some synchrony in the presence of eggs in worms, 
but the appearance of larvae on the shore at Cape Banks is rather more 
coherent than the distribution of eggs in females would suggest. Above 
the minimal condition that worms reproduce in spring and summer, and 
that they must shed eggs in order for larvae to settle on the shore, 
there appears to be little correspondence between the abundance of eggs 
and larval settlement. While egg production may be governed by local 
conditions such as the age of female worms, temperature of water and 
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availability of food, the timing of the arrival of larvae on the shore 
may be more closely associated with other factors: currents, episodes 
of rough weather and the ability of larvae to delay metamorphosis. As 
with so many marine invertebrates, the untangling of these two 
disparate aspects of reproduction is fraught with difficulties and 
uncertainties. MY work demonstrates that for Galeolaria, the 
relationship between adults producing eggs and larvae arriving on the 
shore is a complex one that will demand a large effort to unravel. 
One source of this canplexi ty is the great variation between 
individual females with regard to abundance of eggs. Even though more 
eggs were present in August and December, individuals were found in 
other months with as many eggs as the mean number present in those two 
months. Some of this variation may be attributed to the different 
rates of growth that worms achieve, which depends on when they settled 
on the shore (see Chapter 4A). Early settlers may be capable of 
reproduction 12 or 14 months after settlement, but others that settled 
later in the summer may not 1·eproduce until they are 18 months old 
(Chapter 4A). Age, and consequently size, may be important sources of 
variation among individuals. There was a tendQncy for larger worms to 
have more eggs, as expected, but this relationship was variable. 
Larger worms with relatively few eggs may have already shed them when 
collected, complicating an already variable relationship between size 
and numbers of worms. Future work should use much larger sample sizes 
to clarify this point. 
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Chapter 3 
This chapter deals with the early recruitment of worms to the 
shore. The first section deals with the variation in recruitment on a 
snall spatial scale (< 200 m) during three settlement seasons that 
spanned four calendar years. The following section examines the 
variation in early recruitment with height on the shore at one 
location. Subsequent sections investigate the effects of potential 
selection of settlement sites by larvae, and the effects of algae on 
recruitment. Attempts to achieve settlement in laboratory conditions 
are also reported. 
A: Variation in Early Recruitment through Time. 
Introduction 
This chapter aims to describe the patterns and intensity of early 
recruitment on s:nall scales of space and time. In this and subsequent 
chapters, the term "early recruitment" is used to describe the numbers 
of worms observed on sandstone plates that had been on the shore for 
approximately one month. Data collected in this manner provide 
estimates of the numbers of worms surviving in the period of a month, 
but not an estimate of settlement, for worms may have settled and died 
before being observed. The distinction between settlement and 
recruitment has important con~uences to the ultimate size of the 
popUlation only if early mortality is density-dependent, and is less 
important if early mortality is independent of settlement density 
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(Connell, 1985). It was not possible to make detailed estimates of 
both settlement and early recruitment for Gal eol aria in the time 
available for this study. Daily rates of settlement and early survival 
will be the subject of a separate study commencing in October, 1986. 
I used plates made of the natural sandstone substratum to canpa.re 
recruitment at four sites lCM on one l3hore, spread over approximately 
200 m. I examined recruitment on two temporal scales: month-long 
periods within a settlement season, and three settlement seasons in 
consecutive years. 
Many workers have used plates to estimate settlement and 
recruitment of sessile orgp.nisms (e. g. Keough, 1983; Straughan, 1 969; 
1972). Plates are a useful and convenient tool for comparing rates of 
recruitment at different times, sites and angles of substrata. They 
are less useful, hc:Mever, for estimating the intensity of recruitment 
in natural conditions, especially for species where surface canplexi ty 
or microfloral composition are suspected to be important factors 
influencing settlement (e.g. Crisp and ~land, 1960). Estimates of the 
intensity of settlement and recruitment on plates should more 
accurately reflect that in the natural envirorment when the plates are 
made of the native substratum. For such plates, the effect of factors 
associated with snall-scale surface features (e. g. number and type of 
pits and cracks, composition of microflora) more closely approximates 
that in the natural envirorment. Unfortunately, sane workers have used 
unnatural plates, including glass, perspex and asbestos (Straughan, 
1969; 1972; Kleckner, 1976; Castric-Fey, 1983). Such plates may differ 
greatly fran the natural substrat\.ID with respect to small-scale surface 
features, and hence may be unreliable for the study of settlement and 
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recruitment. 
Materials and Methods 
Plates 
Plates were made fran freshly cut sandstone. Gosford Quarries 
provided metre-long strips of sandstone approximately 5 em wide and 1.5 
em thick. These were cut into 8 x 5 em rectangles, and drilled in the 
centre. The area available for settlement was approximately 150 cm2 
(including top and bot tan surfaces of plate and edges). Before 
installation, the substratum was cleared of all organisms and made as 
level as possible. Plates were secured in place with one stainless 
steel screw and washer, placed through the central hole, and set into a 
rawl-plug in the rock. 
Sites for .Plates 
Four sites were chosen near the southern end of the platform for 
the estimation of early recruitment (Fig. 3A.1). Sites A and B were 
exposed to the southeast, the prevalent direction of storm waves and 
swell (Short and Wright, 1981; Trenaman, 1985). Sites C and D were 
relatively more sheltered fran southeasterly swell (Fig. 3A. 1). Sites 
A and B were approximately 15 metres apart; C and D were 12 metres 
apart. At each site, plates were randomly located over an area of 
platform approximately 3 mf. The heights above datum (measured after 
the sites had been selected) were: A = 0. 97 m, B = 1 .34 m, C = 1. 07 m, 
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FIGURE 3A.1 
Map of Cape Banks, showing locations of Sites used to monitor early 
recruitment and Site where plates were exposed at various heights on 
the shore (Vertical Series). 
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TABLE 3A. 1 
Periods of Exposure of Plates for Years 1 ' 2 and 3 
Dates of Exposure Number of Phase of moon Average water 
Days Exposed at beginning temperature 
of Period for Period, °C 
Year 1: 1983-1984 
T1: 22 Aug. to 19,20 Sep. 29,30 full 14.5,14.6 
T2~ 8 Sep. to 9 Oct. 32 new 15.4 
T3: 19,20 Sep. to 18,19 Oct. 30 full 16. 1 
T4: 9 Oct. to 2 Nov. 25 new 16. 1 
T5: 18,19 Oct. to 16, 22 Nov. 29,34 full 17.5, 17.4 
T6: 2 Nov. to 1, 2 Dec. 29,30 new 17.7 
T7: 16,22 Nov. to 16 Dec. 31 ,25 full 17.2, 18. 1 
T8: 2 Dec. to 3 Jan. 32 new 19.2 
T9: 16 Dec. to 17 Jan. 31 full 19.5 
T10: 3 Jan. to 5 Feb. 34 new 18.0 
Year 2: 1984-1985 
T1: 10 Aug. to 7 Sep. 29 full 14 
T2: 24 Aug. to 24 Sep. 31 new 14.5 
T3: 7 Sep. to 7 Oct. 30 full 14.9 
T4: 24 Sep. to 22,23 Oct. 28,29 new 15.6, 15.7 
T5: 7 Oct. to 11 Nov. 35 full 16.9 
T6: 22,23 Oct. to 20 Nov. 28,29 new 18. 1 , 19.5 
T7: 11 Nov. to 5 ,11 Dec. 24,29 full 19.7, 19.5 
T8: 20 Nov. to 19 Dec. 29 new 19.6 
T9: 5,11 Dec. to 7 Jan. 28,33 full 20, 19.7 
T10: 19 Dec. to 17 Jan. 29 new 20.4 
TABLE 3A.1 (con't) 
Periods of Exposure of Plates for Years 1, 2, and 3 
Dates of Exposure 
Year 3: 1985-1986 
T1: 28,29 Aug. to 1,2 Oct. 
T2: 12,13 Sep. to 11 Oct. 
T3: 1,2 Oct to 29,30 Oct. 
T4: 11 Oct. to 10,11 Nov. 
Number of 
Days Exposed 
33,34 
28,29 
26,27 
30,31 
T5: 29,30 Oct. to 30,31 Nov. 30,31 
T6: 11 Nov. to 11,12 Dec. 
T7: 30,31 Nov. to 28 Dec. 
T8: 11,12 Dec. to 10 Jan. 
T9: 28 Dec. to 26 Jan. 
T1 0: 10 Jan. to 9 Feb. 
T11: 26 Jan. to 26 Feb. 
30,31 
31 
29,30 
29 
29 
30 
Phase of moon 
at beginning 
of Period 
full 
new 
full 
new 
full 
new 
full 
new 
full 
new 
full 
Average water 
temperature 
for Period,°C 
15.4, 15.4 
16.2, 16.2 
16.7, 16.7 
16.6, 16.6 
17.8, 17.9 
18.6, 18.6 
19.3, 19.3 
19.8, 19.8 
20.3 
20.8 
21.0 
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D = 0. 89 m. When installed, plates were mainly horizontal; the maximum 
angle of any plate was 45°. In 1983-1984 (Year 1), there were 10 
Plates at each site and in 1984-1985 and 1985-1986 (Years 2 and 3), 13 
plates per site. 
Experimental Design 
Plates were exposed for approximately one month, with some 
variation imposed by sea conditions which prevented field work (Figs. 
3A.1 and 3A.2). Exposure began a few days before full moon (odd-
numbered periods) or new moon (even-numbered periods), so that two sets 
of plates were exposed at each site at any one time. The first period 
of each year corresponded to the full moon in August. Previous 
settlement on plates in 1982 indicated that few worms settled prior to 
that date. 
Plates were removed and the worms counted and removed in the 
laboratory using a dissecting microscope (20 x). Plates were scrubbed 
clean with a wire brush, soaked in fresh water and re-used. 
An estimate of the number of worms settled on the substrata 
beneath the plates was made in the field using a hand-held microscope. 
The microscope (20 x) had a field of view of 1/2 cm2 • The numbers of 
worms in 20 random fields were recorded and used to estimate the 
density of worms on the substratum. When rough waves prevented the use 
of the fiel_d microscope, an estimate of the total number of worms was 
made by counting the worms visible to the unaided eye. When data were 
recorded thus, a correction was applied to the data to adjust for the 
worms present that were too snall to be seen without a microscope. In 
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FIGURE 3A.2 
Wave height (m) and exposure periods for plates set out to monitor 
early recruitment, 1983-1986. 
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TABLE 3A. 2 
2-Factor ANOVA for Year 1 Plates (Data transformed as xo .28) 
Source ss df MS F sig Estimate of 
magnitude of 
effect 
Period 3.30 9 0.36 229.68 *** 78.03% 
Site 0.15 3 0.05 31.43 *** 3.45% 
Period X Site 0.25 27 0.009 5.75 •• 4. 86% 
Residual 0.52 320 0.001 I I 13.66% 
Total 4.22 359 I I I 
ResUlts of SNK Analyses (£ = 0.05) 
1. By Sites 
Period Site 
1 A = B = c = D 
2 D < c < A = B 
3 D = A = c = B 
4 D = c = A = B 
5 D < c = A < B 
6 D = c = A = B 
7 D = c = A = B 
8 D = c < B = A 
9 D = B = A = c 
10 A = c = B = D 
2. By Periods 
A: 1 = 10 < 9 < 6 = 7 = 8 = 4 = 5 = 2 = 3 
B: 1 < 10 = 9 < 7 = 6 = 8 < 4 = 5 = 2 = 3 
C: 1 = 10 < 9 < 7 = 8 = 6 < 2 = 4 = 5 < 3 
D: 1 = 9 < 10 = 2 = 7 = 8 = 6 = 5 = 4 < 3 
Early Recruitment 
the laboratory, the total nunbers of worms on the bot tan of plates were 
counted with the unaided eye. This area was exactly equal to the the 
area beneath the plate in the field. The numbers of worms on the 
bottoms of plates was then counted using the dissecting microscope. 
The nunber seen "by eye" for the plate was regressed on the actual 
number (as counted with the dissecting microscope) for plates at each 
site. The nunbers of worms counted on the substrata "by eye" were 
substituted into the regression equation (see Appendix 4 ), providing a 
corrected estimate for the numbers of worms beneath plates. In only 
one case (Year 3, Period 9) was the regression equation not significant 
(Q.. > 0 .05). This was due to the large number of very small ( < 1 mm) 
worms that were present at that time. For this special case, the 
numbers of worms present on the bottans of plates were used to estimate 
the number on the substrata. The substratum was scraped before a clean 
plate was installed. 
Physical Data (Fig. 3A.2, and Table 3A.1) 
Daily water temperatures taken at South Steine (Manly Beach) were 
recorded by Mr Bob MacFarlane. These data were used to calculate the 
average daily temperature for the exposure periods, assuming that the 
surface sea temperature at Cape Banks would be the same as that at 
Manly, some 15 km to the north (Table 3A. 1). Data regarding wave 
height, recorded on the Maritime Service Board's wave-rider bouy off 
Botany Bay, were summarized by Dr A. Short (Dept. of Geography, 
University of Sydney). 
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TABLE 3A. 3 
2-Factor ANOVA for Year 2 Plates (Data transformed as xo .28) 
Source ss df MS F sig Estimate of Dtaeni tude of 
effect 
Period 2.65 9 0.29 197.60 ••• 11.89% 
Site 0 .11 3 0-39 26.30 ••• 3.34% 
Period x Site 0.13 27 0.005 3.44 ••• 2. 91% 
Residual 0.47 320 0.001 I I 15.86% 
Total 3.38 359 I I I 
Results of SNK Analyses (Q. = 0 .05) 
1. By Sites 
Period Site 
1 D = A = B = c 
2 D = A = C < B 
3 D = A = C = B 
4 B < A = C = D 
5 D < A = C = B 
6 D = A = C < B 
1 D = A = B = c 
8 D = A = c = B 
9 D = B = A = c 
10 D = B = A = c 
2. By Periods 
A: 1 < 4 = 10 = 2 = 9 = 3 = 1 = 8 < 6 = 5 
B: 1 < 4 < 10 = 9 < 3 = 1 = 2 = 8 < 5 = 6 
C: 1 < 4 = 10 = 2 = 3 = 9 < 8 = 1 < 6 = 5 
D: 1 < 9 = 10 = 4 = 2 = 3 = 8 = 1 < 5 = 6 
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Analysis of Data 
A. Plates 
The numbers of worms on plates at each site and for each period 
were converted to average daily settlement rates per cm2 • These data 
were used in a three-factor ANOVA with main factors: Year (3 levels, 
fixed), Period (10 levels, fixed), and Site (4 levels, fixed). The 
factor "Period" was fixed because the periods spanned the part of the 
year when settlement occurred at detectable levels. In order to 
balance the sampling design, the first period of Year 3 was omitted 
(see Fig. 3A.2). To simplify interpretation of these results, these 
data were also used in three separate two-factor ANOVAs, with main 
factors: Site (4 levels, fixed), and Period ( 10 levels, fixed). Due to 
the loss of plates, only nine replicates were used in Years 1 and 2, 
and 10 replicates in Year 3. Data were transformed as x0.28 to 
stabilize variances where Cochran's test indicated heterogeneity 
(Winer, 1971). 
B. Substrata Beneath Plates 
The estimates of numbers of worms on the substratum were converted 
to average daily rate per cm2 and used in a three-factor ANOV A as for 
Plates, and three separate two-factor ANOVAs. Data were transformed as 
x0 · 2 8 to stabilize variances (Winer, 1971). 
Estimates of the magnitude of variation attributable to each 
factor was calculated for ANOVAs according to Winer (1971, p. 428). 
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TABLE 3A. 4 
2-Factor ANOVA for Year 3 Plates (Data transformed as x0- 28) 
Source ss df MS F sig Estimate of 
magnitude of 
effect 
Period 7.84 10 0. 78 326.90 ••• 82.33% 
Site 0.35 3 0.12 48.45 ••• 3.60% 
Period X Site 0.35 30 0.12 4.91 ••• 2.96% 
Residual 0.94 396 0.002 I I 11.11% 
Total 9.49 439 I I I 
Results of SNK Analyses (Q = 0.05) 
1. By Sites 
Period Site 
1 D = B = A = c 
2 D < B < A = c 
3 D < B = c = A 
4 D < B = A = c 
5 D < A = C = B 
6 D = A = c < B 
7 D = A = c = B 
8 B = c = A < D 
9 D < B = c = A 
10 D < B = c = A 
11 D < c = B = A 
2. By Periods 
A: 8 < 7 = 4 = 2 = 3 = 1 < 6 = 11 = 5 < 9 < 10 
B: 8 < 7 = 2 = 4 = 1 = 3 < 11 < 5 = 6 < 9 < 10 
C: 8 < 7 = 4 = 3 = 1 = 2 < 11 = 6 = 5 < 9 < 10 D: 4 = 2 = 8 = 7 = 3 = 1 = 11 = 5 = 6 < 9 < 10 
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ResUlts 
Smaller (younger) worms had a transparent tube through which a 
green gut could easily be distinguished (Fig. 3A. 9). Larger (older) 
worms had more calcified tubes and the beginning of the dorsal keel 
could be seen on same individuals (Fig. 3A.10). 
Worms were found predominantly on the underneath, shaded surface 
of the plates and on the edges. The few worms found on the top 
surfaces of plates were located under the edges of the washer. The 
majority of worms settled on the bottcm surface of the plates. On 
average, 11% of worms were found on the edges. 
A. Plates -Year 1 (1983-1984) (Figure 3A.3) 
Daily rates of early recruitment varied from 0 (± 0.000 S.E.) per 
cm2 (Period 1) to 0.017 <± 0.002 S.E.) per cm2 (Period 3, Site C). 
These rates corresponded to mean numbers of worms per plate of 0 (~ 
0.000 S.E.) to ~3-600 (± 3.999 S.E.). Peak recruitment occurred during 
Period 3 (19 and 20 Sep. to 18 and 19 Oct.). Average daily water 
temperature for this Period was 16.1°C. Minor peaks occurred during 
Periods 5 and 8, producing a tri-modal curve (Fig. 3A.3). 
The significant interaction between Period and Site (ANOVA, Table 
3A.2) was due to the fact that Sites A, B and C were not ranked 
consistently (SNK tests, Table 3A.2) when the number of worms was small 
(e.g. in Periods 1, 9 and 10). When the number of worms was great 
(Periods 2 through 8), there were generally more worms at Sites A and B 
and fewer worms at Site D (SNK tests, Table 3A.2, Fig. 3A.3). 
Peak recruitment occurred on plates which had been exposed at the 
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TABLE 3A. 5 
2-Factor ANOVA for Year 1 Substrata (Data transformed as X0.28) 
Source ss df MS F sig Estimate of 
magnitude of 
effect 
Period 2.83 9 0.31 46.22 ••• 49.49% 
Site 0.31 3 0.10 15.19 ••• 5.17% 
Period X Site o. 27 27 0.01 5.75 ns 1. 57% 
Residual 2.02 320 0.007 I I 43.77% 
Total 5.61 359 I I I 
Results of SNK Analyses (~ = 0.05) 
1. By Periods (pooled) 
1 = 10 < 9 < 8 < 6 = 7 = 2 = 5 < 4 = 3 
2. By Sites 
D = C < B < A 
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beginning of a full moon phase (Period 3). One of the minor settlement 
peaks (Period 5) also occurred on plates exposed at the beginning of a 
full moon phase, but the last minor peak occurred on plates exposed at 
the beginning of a new moon phase (Period 8). 
B. Plates - Year 2 (1984-1985) (Figure 3A.4) 
Daily rates of recruitment varied fran 0 (±. 0.000 S. E.) per cm2 
(Period 1, Site D) to 0.037 <± 0.004 S.E.) per cm2 (Period 6, Site 
B). These rates corresponded to mean numbers of worms of 0 (~ 0.000) 
to 64.710 (±. 1.000 S.E.) per plate. Worms recruited in greater numbers 
in Periods 5 and 6 (7 Oct. to 20 Nov.) than in other periods (SNK 
tests, ~ < 0.05). The average daily water temperature during peak 
recruitment was 17 to 1 9°C. Two minor peaks of recruitment occurred, 
one before the major peak (Period 2) and one after the major peak 
(Period 8), again producing a tri-modal curve (Fig. 3A.4). 
The significant interaction between Period and Site (ANOVA, Table 
3A.3) was due to the fact that Sites A, B and C were not ranked 
consistently (SNK tests, Table 3A. 3) when the number of worms was small 
(e.g. in Periods 1, 4, 9 and 10). When the number of worms was great 
(Periods 2 and 3, and Periods 5-8), there were generally more worms at 
Site B and fewer worms at Site D (Table 3A.3 and Fig. 3A.4). There was 
no clear pattern in abundance at different sites when the number of 
worms was small. 
Peak recruitment occurred on plates which had been exposed at the 
beginning of a new moon phase (Period 6). Both minor peaks also 
occurred on plates exposed at the beginning of a new moon phase. 
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TABLE 3A. 6 
2-Factor ANOVA for Year 2 Substrata (Data transformed as x0.28) 
Source ss df MS F sig Estimate of 
magnitude of 
effect 
Period 1.85 9 0.21 29.43 ••• 35.89% 
Site 0.52 3 0.17 24.98 ••• 10.10% 
Period X Site 0-37 27 0.01 1.94 •• 3.52% 
Residual 2.25 320 0.007 I I 50.49% 
Total 4.99 359 I I I 
Results of SNK Analyses (~ = 0.05) 
1. By Sites 
Period Site 
1 D = A = B = c 
2 D = A < C = B 
3 D < A= c = B 
4 C = D < A = B 
5 D = A = c = B 
6 D < c = A = B 
7 D = B = A = c 
8 D = c = A = B 
9 c = B = D = A 
10 D < A = B = c 
2. By Periods 
A: 2 = 1 < 10 = 4 = 3 = 5 = 9 = 7 = 8 = 6 
B: 1 < 9 = 10 = 2 = 7 = 5 = 3 = 4 = 8 = 6 
C: 4 = 1 = 2 = 9 = 3 = 5 = 10 = 8 = 7 = 6 
D: 1 = 2 < 3 = 10 = 4 = 5 = 8 = 9 = 7 = 6 
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C. Plates -Year 3 (1985-1986) (Fig. 3A.5) 
Daily rates of recruitment varied from 0.0001 (~ 0.0001 S.E.) per 
cm2 (Period 8, Site A and B) to 0.144 (~ 0.012 S.E.) per cm2 
(Period 10, Site A). These rates corresponded to mean numbers of worms 
of 0.25 (~.13) to 279.2 (~ 22.4 S.E.) per plate. The greatest number 
of worms found on any one plate was 456 (Period 10, Site A). Worms 
settled in significantly greater numbers in Periods 9 and 10 (28 Dec. 
to 9 Feb.) than in other periods (SNK tests,~< 0.05, Table 3A.4). 
The average daily water temperature during those periods was 20°C. 
One minor peak of recruitment occurred before the major peak (Period 
5), producing a bi-modal curve (Fig. 3A.5). 
The significant interaction between Period and Site (ANOVA, Table 
3A.4) was again due to the fact that Sites A, B and C were not ranked 
consistently (SNK tests, Table 3A.4) when the number of worms was small 
(e.g. in Periods 1-4, 6-8 and 11). When the number of worms was great 
(Periods 5, 9 and 10) there were consistently more worms at Sites A, B 
and C and fewer worms at SiteD (Table 3A.4 and Fig. 3A.5). There was 
no clear pattern in abundance at different sites when the number of 
worms was small (Periods 1-4, 6-8 and 11). 
Peak recruitment occurred on plates which had been exposed at the 
beginning of full and new moon Phases (Periods 9 and 10). The minor 
peak occurred on plates exposed at the beginning of a full moon phase. 
D. Substratum beneath Plates (Figs. 3A.6, 3A.7, and 3A.8) 
The numbers of worms on the substratum beneath plates showed the 
same patterns as for plates (Figs. 3A.6, 3A.7, and 3A.8). In each 
year, the peaks of recruitment occurred in the same Periods, and the 
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TABLE 3A. 7 
2-Factor ANOV A for Year 3 Substrata (Data transformed as 
Source ss df MS F sig 
Period 6.44 10 0.64 229.93 ••• 
Site o.8o 3 0.27 95.57 ••• 
Period X Site 0-35 30 0.01 4.18 ••• 
Residual 1.14 396 0.003 I I 
Total 9.01 439 I I I 
Results of SNK Analyses (Q = 0.05) 
1. By Sites 
Period 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
2. By Periods 
A: 8 < 1 
B: 8 < 1 
C: 4 = 8 
D: 4 = 8 
= 
= 
= 
= 
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D=B=A=C 
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7 = 4 = 3 = 2 
7 = 4 = 3 = 2 
7 = 3 = 1 = 6 
7 = 1 = 6 = 3 
= 6 
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= 2 
= 2 
= 
< 
= 
= 
5 < 11 < 10 = 9 
11 = 5 < 9 = 10 
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FIGURE 3A. 3 
Mean number of worms per day (~ S.E~) on plates in 1983-1984 (Q = 10 
plates). 
+ = Site A 
e = Site B 
A = Site C 
• = Site D 
FIGURE 3A.4 
Mean number of worms per day(~ S.E.) on plates in 1984-1985 (n = 13 
plates). 
Symbols as in FIGURE 3A.3, above. 
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FIGURE 3A. 6 
Mean number of worms per day(~ S.E.) on substrata beneath plates in 
1983-1984 (!!. = 10 substrata) . 
• = Site A 
e = Site B 
A = Site C 
• = Site D 
FIGURE 3A. 7 
l~an number of worms per day(~ S.E.) on substrata beneath plates in 
1984-1985 (!!. = 13 substrata). 
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magnitude of recruitment was similar to that for plates. ANOVAs for 
all three years had similar results: Period, Site and the Period x Site 
interaction were significant (except that the Period x Site interaction 
was not significant for the substratum sampled in the first year; 
Tables 3A.5, 3A.6, and 3A.7). The non-significant interaction of main 
factors in the first year was probably due to small recruitment in that 
year. SNK tests shc:Med similar results as for plates. When 
recruitment was intense, Sites A, B and C had more worms, but were 
inconsistently ranked through time, and the pattern of abundance was 
not clear when intensity of recruitment was small. 
E. Comparison between Years 
Recruitment was more intense in the third year (nearly an order of 
magnitude greater), and the peak of recruitment occurred much later 
compared to the first two years. Recruitment occurred in one major and 
two minor peaks in the first two years, but only one minor peak 
occurred in the third year. The duration of peak recruitment was 
longer in the second and third years. In the first two years, peak 
recruitment occurred soon after the average daily water temperature 
rose above 15°C (Table 3A. 1) which was later in the second year. In 
the third year, hc:Mever, peak recruitment occurred when water 
temperature was 20°C. 
F. Relative Importance of Different Spatial and Temporal Sources of 
Variation 
Significant variation in recruitment occurred in both space and 
time (3-factor ANOVAs, Tables 3A.8 and 3A.9). Calculated on 
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FIGURE 3A.9 
An example of a small, newly-settled worm on a sandstone plate. Midgut 
and hindgut are visible in green through the posterior end of tube. 
Tentacles and operculum are transparent and cannot be resolved in the 
photograph. Tube is approximately 1 mm long. 

FIGURE 3A. 10 
Two juvenile worms settled on a sandstone plate, approximately one 
month old. Tentacles are translucent, but operculum can be seen 
extending from tube. Note that straight and curved tubes grow in close 
proximity. 

FIGURE 3A. 11 
A "three-setiger" stage (benthic) larva found on a plate collected 
November 30, 1985. Tentacle buds have developed, but metamorphosis is 
incanplete. 

TABLE 3A. 8 
3-Factor 
xo .24) ANOVA for Plates, 
Years 1 , 2 and 3 (Data transformed as 
Source ss df MS F sig Estimate of 
magnitude of 
effect • 
Year 0.70 2 0.35 146.00 ••• 7.48% 
Period 4.52 9 0.50 209.58 ••• 17.80% 
Site 0.44 3 0.15 62.08 ••• 1. 94% 
Year x Period 8.24 18 0.45 190.63 ••• 46.84% 
Year x Site 0.05 6 0.008 3.46 •• 1. 06% 
Period X Site 0.23 27 0.008 3.50 ••• 2.38% 
Year x Period 
X Site 0.40 54 0.008 3.13 ••• 5.31% 
Residual 2.29 960 0.002 I I 17.19% 
Total 10.65 1079 I I I 
TABLE 3A. 9 
3-Fagtor ANOVA for Substrata, Years 1, 2, and 3 (Data transformed as 
x0.2 ) 
Year 0.45 2 0.23 36.04 ••• 6.12% 
Period 3-00 9 0.33 52 .go ••• 17.67% 
Site 1.19 3 0.40 63.16 ••• 3-7 8% 
Year x Period 6. 97 18 0.39 61.49 ••• 41.66% 
Year x Site 0.22 6 0.04 6.06 ••• 2.04% 
Period x Site 0.44 27 0.016 2.59 ••• 4.03% 
Year x Period 
x Site 0.42 54 0.008 1 .24 ••• 7.25% 
Residual 6.03 960 0.006 I I 17.7 4% 
Total 18.74 1079 I I I 
• - CalcUlated on untransformed data 
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untransformed data, the magnitude of variation for worms on plates and 
on the substratum due to the factors Year, Period and Site were 6-7%, 
17% and 1-3%, respectively. The interaction between Year and Period 
accounted for 41-46% of variation, and all other interactions accounted 
for a total of 9-13%. Variation among replicates was 17% of the total 
variation. 
The distribution of variation within each year was very similar. 
CalcUlated using tranformed data, the variation due to Period accounted 
for 78-82%, with 3% due to variation between Sites. Variation among 
replicates accounted for 11-13% of variation, while variation due to 
the interaction of Period and Site was 3-4%. 
Discussion 
Worms virtually always recruited on the underneath, shaded side of 
plates, and on the substratum beneath them. This result implies that, 
on a small scale, larvae actively select shaded areas, and probably 
respond negatively to light during settlement. Thigmotactic responses 
may also contribute to this pattern of recruitment. Settlers were 
probably not removed fran the top surfaces of plates by grazing 
gastropods, for many plates had thick mats of green algae on the top 
surface indicating that they were not grazed. Even if grazing 
occurred, some worms should have escaped destruction by chance alone 
(See Chapter 4C). The few worms found on the upper surface of plates 
were always located under the washer used to secure the plate and 
shaded fran direct sunlight. These findings suggest that worms prefer 
to settle on the shaded sides of plates rather than the upper, well-lit 
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surfaces. 
Other species of serpulids have beeen observed to settle in great 
numbers on the shaded sides of plates (Sentz-Braconnot, 1968; 
Straughan, 1969; Mohammad, 1975; Kleckner, 1976), even though adults of 
those species are found in sunny locations. Sane species that settle 
in shade, such as the barnacle Tetraclitella purpurascens (Wood) 
cannot survive elsewhere (Denley and Underwood, 1979), but Galeolaria 
is clearly not such a "shade" species as adults are found in large 
numbers on well-lit areas of the platform. 
It appears that, if given a choice, larvae tend to settle in 
shaded sites, then grow and extend their tubes out of the shade. Year-
old worms that had settled on the under-sides of plates invariably grew 
towards the edges of the plates. This directional growth may be in 
response to light or water flow, or both. For those larvae that arrive 
on bare rock, however, no shaded settlement sites may be available 
within the range of the crawling abilities of the worm, and these 
larvae may be forced to metamorphose and build tubes in a well-lit 
location. It is important to note that because the larvae are very 
small at settlement (approximately 90 um)(Marsden and Anderson, 1981), 
very minor irregUlarities in the surface of the rock may provide shade. 
The fact that young worms are found at the edges of and under a layer 
of the encrusting alga, Hildenbrandia, suggests that the larvae may 
search out shaded locations during settlement. Current work on 
phototatic response in Galeolaria (Marsden, in prep.) indicates that 
late-stage larvae may be photonegative or photonuetral, but shortage of 
three-setiger stage larvae makes these results inconclusive. The 
phototactic response of other serpulid larvae varies. Young and Chia 
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(1982) found that late stage metatrochophores of Serpula vermicularis 
(L.) were strongly photonegative, but the benthic stage nectochaetes 
were indifferent to light. Nevertheless, most oriented the primary 
tube aperture away from light after metamorphosis. Miura and Kajihara 
(1984) found similar responses in Hydroides ezoensis and Pomatoleios 
kraussi. Marsden (1984) found the larvae of Spirobranchus giganteus, a 
worm which bores into live coral heads, to be photopositive throughout 
their develoJlllent. The inference that Galeolaria larvae show a 
negative response to light in the later stages of development in the 
field is supported by the results of the experiment to test 
gregariousness (Chapter 3D), in which many more worms recruited in 
shaded compared to unshaded trays. Thus, Galeolaria larvae probably 
prefer shade and seek it out during settlement, but can sucessfully 
settle and metamorphose in well-lit areas. Worms that settle in shaded 
areas probably grow out of the shade, towards light and water. 
The greatest number of Galeolaria larvae settled after the average 
daily water temperature exceeded 15°C in spring in the first two 
years. This pattern probably results from two confounded factors: the 
minimum temperature necessary for larval development and the 
availability of food items in the water. Late stage larvae reared in 
the laboratory have small mouths (less than 50 um in diameter)(Marsden 
and Anderson, 1981) and probably rely on microflagellates and bacteria 
for food. These are most abundant in late spring and continue in great 
numbers throughout summer (Jeffrey, 1981). The spring phytoplankton 
bloom has been demonstrated to be a stimulus for spawning in other 
benthic invertebrates (Himmelman, 1975) and may act as a cue for 
gametogenesis (Himmelman, 1979). Some adult Galeolaria appear to 
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contain gametes year round (Grant, 1981; Marsden and Anderson, 1981), 
but more study is needed to determine which factors stimulate 
gametogenesis and spawning. It is likely that both food and water 
temperature are important to spawning and development of larvae. 
The delayed peak of recruitment in the third year suggests that 
while water temperature and food may be limiting factors affecting the 
timing of settlement, another factor may also be important. In Year 3, 
two distinct peaks of storm activity (as measured by wave height) were 
observed in the period from mid-November to late January, separated by 
a long period of relatively calm seas (wave height < 1 m, generated by 
north-easterly sea breezes, Fig. 3A. 2). The two recruitment peaks 
occurred on plates that were exposed when those storm events 
("southerly changes") caused an increase in wave height (2 to 3 m, see 
Fig. 3A.2) . In particular, plates exposed during Period 9 were 
collected two days after a storm had passed, and bore many, very small 
(< 1 mm) worms , suggesting that they settled during or immediately 
after the storm. One worm collected on a plate from Period 9 had not 
formed a primary tube and was not completely metamorphosed (Fig. 
3A.11). The exact nature of the stimuli a storm provides is unknown. 
If larvae are concentrated in the bottom layers of water, storms may 
move them to the upper layers to be carried onshore. If larvae are 
already in the upper layers, storms may simply carry them onto the 
shore. It is also possible that larvae are concentrated at the edges 
of southerly bodies of water and are pushed onto the shore by southerly 
storms. Shanks (1983) found that internal waves concentrated 
invertebrate larvae and transported them shoreward. The pre-settlement 
distribution of Galeolaria larvae is unknown, but Wilson (1982) found 
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that polychaete larvae off a Northumberland rock platform remained near 
the bottom of the water column day and night. Storm-related settlement 
has been reported for Tesseropora ~ (Krauss)(Caffey, 1985) and for 
other barnacles (e. g. Hawkins & Hartnell, 1983). Anti-cyclonic storm 
events dominate the wave climate near Sydney from October to April 
(Trenaman, 1985), but are unpredictable on smaller temporal scales. 
Because the arrival of southerly storms is variable, the prediction 
that storms cause the settlement of larvae (after water temperature had 
reached 15°C) could not be tested using the experimental design 
outlined in this chapter. This hypothesis could be tested by exposing 
plates for short periods in a variety of wave conditions over a number 
of settlement seasons, and analyzing the number of recruits with 
respect to categories of wave activity during settlement. 
Worms showed considerable variation in the intensity of 
recruitment over three years. As storm events occurred each year 
between August and April, some other factor must have been responsible 
for the great intensity of recruitment seen in Year 3. The simplest 
explanation is that the planktonic supply of larvae was large that 
year. There are some species for which the planktonic supply appears 
be large and regular (Connell, 1961b), but for many others it varies 
considerably (Loosanoff, 1964; Hawkins & Hartnell, 1983; Caffey, 1985). 
Gaines~ al. (1985) demonstrated that spatial and temporal variation 
in settlement of the barnacle Balanus glandula was mirrored by the 
variation in the numbers of barnacle larvae present in the plankton. 
The source of such variation in the numbers of larvae is unknown but is 
important in determining how many larvae arrive on the shore. 
Data presented by Allen and Ferguson Wood (1949) purport to show 
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the number of young Galeolaria collected on plates in Sydney Harbour in 
1947. Unfortunately, there is no indication of the actual number of 
worms settled, as there were no values on the vertical axis of the 
histogram (their Fig.2). If the numbers were great, then those data 
cannot be reconciled with the data presented here, and either young 
worms were misidentified or temporal variation of recruitment was much 
greater than found in this study. Hydroides elegans (previously mis-
identified as R· norvegica), an abundant fouling species is common in 
Sydney Harbor and generally settles late in the summer (pers. obs.). I 
suspect that the authors recorded the recruitment of Hydroides and 
Galeolaria in 1947. Data presented here suggest that the planktonic 
supply of Galeolaria larvae would be greatest in spring and summer and 
may occasionally be great, but not regular. 
The timing of peak recruitment was different each year, and could 
not be simply related to water temperature. Such within year variation 
has been reported for the recruitment of other intertidal organisms, 
locally for the common oarnacle, Tesseropora rosea Krauss. 1· rosea 
settled from January through the end of May in 1977, with pulses of 
short duration at the end of January and the beginning of April. 
Between these short pulses settlement continued at small densities 
(Denley and Underwood, 1979). In 1982, settlement occurred at small 
densities early in the year with sporadic peaks of one to three days in 
duration (Caffey, 1985). Based on the first two years of data 
presented here, one would not expect settlement of Galeolaria to 
coincide with that for 1· rosea. The timing of the peak in the third 
year, however, overlapped with the early recruitment peak for the 
barnacles. Thus, in two out of three years, no pre-emptive competition 
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between barnacles and worms for settlement space would be expected, but 
this may happen occasionally. The outcome of this potential 
competition is unknown, as the coincidence of recruitment may be rare, 
and data for both species were not collected during this study. 
Differences in the settlement preferences of worms and barnacles, 
however, may confer an advantage on Galeolaria when competition for 
space occurs. J. rosea settles most densely on primary substratum that 
is not already occupied (Denley and Underwood, 1979). Denley and 
Underwood (1979) found that I· rosea settled on bare rock but not on 
the shells of other barnacles, and rarely on shells of conspecific 
adults. In contrast, Galeolaria settles on clean sandstone plates, 
glass and plastic bottles, old automobile tyres, bits of metal frc:m 
wrecked boats, the sides of tunicates, various barnacles and on the 
shells of a variety of gastropods, as well as the tubes of adult 
Galeolaria. They have no apparent preference for unoccupied substrata, 
as seen in ~. rosea, and appear to prefer shaded settlement surfaces 
that provide complex surface features (see Chapter 3D). It would be 
possible for the larvae of I· rosea to arrive on the shore and be 
unable to settle due to lack of primary space, causing the failure of 
settlement for a year. No such situation can be envisaged for 
Galeolaria, because the larvae will settle on, and even appear to 
prefer secondary space. Peak recruitment appears to be of longer 
duration for Galeolaria, compared to I· ~osea. These features of its 
biology may make it less vulnerable to year class failure than I· 
rosea. The variation in the timing of peak recruitment, then, may have 
little effect on the size of the resulting population. Other factors, 
such as the intensity of recruitment, potential density-dependant 
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mortality and predation, may be more important in determining the size 
of the adult population than the temporal variation in recruitment. 
Variation in the recruitment of larvae also occurred on the small 
spatial scale investigated here. Three out of four of the sites were 
"good" locations for the settlement of larvae, but the fourth one (Site 
D) received consistently fewer recruits. This suggests that even on 
the relatively small scale of approximately 200 m, there were 
differences in recruitment that were not apparent when the sites were 
selected. Small-scale patterns of water-flow, angle of wave impact, 
the pattern of run-off of waves or any number of factors may affect the 
numbers of larvae settling at a site (Crisp, 1955; Rittschof et al., 
1984). 
The intensity of recruitment in Galeolaria appears to be greater 
than that for other serpulids, with the exception of those designated 
"fouling species". In Hawaii, Pomatoleios kraussi had a peak 
recruitment rate of 0.02 worms per cm2 per day (Straughan, 1969), 
while Mohammad (1975) recorded 0.03 worms per cm2 per day for the 
same species in Kuwait. Klockner (1976) reported a peak recruitment of 
0.05 worms per cm2 per day for Pomatoceros trigueter. Wisely (1958a) 
recorded peak recruitment for Hydroides elegans (as H. norvegica) of 
0.13 worms per cm2 per day in Sydney Harbour. The peak recruitment 
rate for Galeolaria was 0.14 worms per cm2 per day, approximately 
twice as high as the other species, and equal to that for Hydroides 
el~, a fouling species. Straughan (1972) found that the maximum 
recruitment for Ficopomatus ushakovi, a fouling species in the Brisbane 
River, was 0.97 worms per cm2 per day in 1966, with peak recruitment 
rates in other years of 0.55 worms per cm2 per day. For both 
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"fouling" species, the great rate of peak recruitment is probably 
enhanced by the retention of larvae in relatively enclosed bodies of 
water (i.e. a harbour and a river). 
Galeolaria settles more intensely than the common barnacle, 1· 
~· Caffey (1983) found that the maximum recruitment of barnacle at 
Cape Banks in May, 1980, was 0 .02 per day per cm2 . Thus, Galeolaria 
may be more abundant on the shores of New South Wales by virtue of 
having greater rates of settlement than barnacles and other intertidal 
serpulids. 
In summary, the recruitment of Galeolaria usually occurrs in 
spring (October-November), but can be delayed to early summer 
(January), and varies greatly in intensity from year to year. There is 
same evidence to suggest that storms play a role in inducing larvae to 
settle, but the exact nature of the stimuli is incompletely known and 
difficult to study. 
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Chapter 3 
B: Variation in Early Recruitment with Height on Shore 
Introduction 
The earliest explanations of vertical zonation suggested that the 
movement of the tides caused animals to occur at specific tidal heights 
(Colman, 1933). More recent theories invoke the interaction of several 
factors: the initial distribution of' larvae on the shore, and their 
relative survival at dif'f'erent places on the shore (Connell, 1961; 
Dayton 1971; Keough and Downes, 1982; Underwood and Denley, 1984). 
Here I provide data on the vertical distribution of worms within the 
first month after settling ("early recruitment"). Such data may be 
used to test hypotheses regarding patterns of recruitment, but are not 
appropriate for the testing of hypotheses about settlement. To test 
hypotheses regarding the earliest stages of benthic life, it is 
necessary to observe worms on a daily basis, in particular noting those 
that die within the first few days after settlement. This is time-
consuming because of the snall size of newly-settled worms (< 1 mm), 
and is often impossible due to rough seas. This section of the present 
thesis therefore deals only with the distribution of early recruits at 
various heights on the shore. If subsequent studies show that patterns 
of settlement and recruitment are similar, then data on early 
recruitment are sufficient to assess the vertical range of settlement 
for Galeolaria. The design used here enables the + te~1ng of a second 
hypothesis: that young worms do not discriminate among settlement sites 
on the basis of the aspect of the substrata. Because both vertical and 
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horizontal substrata are common at the study site, and in some places 
there appears to be a difference between the numbers of worms on 
substrata with different aspects. Thus? plates were exposed at the two 
aspects at each tidal height. The aim of this part of the work was 
thus to investigate two types of small-scale spatial variation: how the 
numbers of early recruits vary with height on the shore, and how they 
vary on surfaces with different aspects. 
Materials and Methods 
Sites [or Plates 
Sandstone plates (8 x 5 em, as described in Chapter 3A) were 
installed at four tidal heights near Site A (see Chapter 3A, Fig. 
3A.1). In this area of the platform, the rock forms the characteristic 
"stair step" formation common on the rocky fore shores of New South 
Wales, providing vertical and horizontal surfaces at virtually the same 
tidal hei3h t. Four locations were chosen along a line that was 
approximately perpendicular to the sea. Their tidal heights were: 
"Barnacle Zone" = 2.14 m, "Upper Galeolaria Zone" = 1 .45 m, 
"Galeolaria Zone" = 1. 27 m, and "Algal Zone" = 0 .g m. The algal zone 
was closest to the water; both fleshy algae (Pterocladia capillacea 
(Gmel.), Ulva lactuca L., Corallina officinalis and Ilea fascia) and 
encrusting algae (Li thothamnion sp., Neogonioli thon sp.) were present. 
Few Galeolar,U were present; the large barnacle Austromegabalanus 
nigrescens and two species of chiton were common. Tubeworms dominated 
the Galeolaria Zone and the Upper Galeolaria Zone; the latter was 
located upshore from the worm zone, near the worm-barnacle boundary. 
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Barnacles (Tesseropora rosea Krauss), the limpet Patelloida 
latistrigata Angas and the littorinid snail Littorina unifasciata Gray 
were commop in the Barnacle Zone. 
Experimental Design 
At each tidal height, five plates were installed on a horizontal 
rock face, and five on an immediately adjacent vertical rock face. The 
height of the horizontal and vertical plates at any one tidal height 
differed by less than 4 em. One of the intrinsic differences between 
vertical and horizontal surfaces is the manner in which water drains 
away after a wave has struck. In the Algal Zone, the plates were 
installed on a horizontal and vertical surface separated by a cleft in 
the rock, and the drainage of water off one surface was not affected by 
the drainage off the other. In the Galeolaria Zone, the vertical 
plates were installed on the side of a small surge channel, and wave 
splash drained off the horizontal plates onto the vertical plates In 
the Upper Galeolaria Zone, water drained from the vertical surface onto 
the horizontal plates, and in the Barnacle Zone, wave splash drained 
off the horizontal surface onto the vertical plates. The pattern of 
water drainage was different, therefore, at each tidal height, due to 
the physical arrangement of the surfaces. 
Plates were exposed for month-long periods in 1985-1986, beginning 
on August 30. Plates were removed in the field, the subtrata beneath 
them scraped clean, and a new plate installed. In the laboratory, 
worms were counted and removed fran plates using a dissecting 
microscope ( 20 x). 
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Analysis of Data 
Data for each period of exposure were used in a two-factor, fully 
orthogonal, fixed ANOVA, with main factors Height (four levels) and 
Aspect (two levels). Data were transformed as ln(x+1) when Cochran's 
test indicated heterogeneity (Winer, 1971). SNK tests were done when 
main or interaction factors were significant at~= 0.05. 
Results 
As previously described (Chapter 3A), worms settled almost 
exclusively on the bottom surfaces and edges of plates. 
Nore worms recruited in the Galeolaria and Upper Galeolaria Zones 
than in the Algal and Barnacle Zones (ANOVAs, Tables 3B.1-3B.5). Even 
when the intensity of recruitment was great (28 Dec. to 28 Jan., Table 
3B.5), few worms recruited to the Barnacle and Algal zones. 
With one exception, the analysis for each period of exposure had 
the same result: Height, and the interaction of Height and Aspect were 
significant (ANOVA, Tables 3B.1-3B.5). An exception to this pattern 
was the exposure period 30 Sep. to 30 Oct. (Table 3B.3), when the 
interaction was not significant. SNK tests showed that the significant 
interaction was probably due to a greater mean number of worms on the 
horizontal surface in the Upper Galeolaria zone compared to the 
vertical surface at that tidal height (Tables 3B.1-3B.5, Part 3). 
In the Galeolaria Zone, there was no significant difference 
between the numbers of worms recruiting to plates on vertical and 
horizontal surfaces (Tables 3B.1-3B.5, Part 3). Thus, young worms 
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TABLE 3B. 1 
Analyses and results for early recruitment of worms at various heights 
on the shore. 
Exposure Period: 30 Aug., 1985 to 30 Sep., 1985 (31 days) 
1. Mean number of worms on plates (n_ = 5) 
Zone Aspect Mean (±. S.E.) 
Barnacle Horizontal 0.2 0.2 
Vertical 0.0 0.0 
Upper Galeolaria Horizontal 2.6 1.8 
Vertical 0.8 0.7 
Galeolaria Horizontal 2.8 2.2 
Vertical 4.8 8.2 
Algae Horizontal 0.4 0.3 
Vertical 1.4 1.3 
2. Results of ANOVA (~ = 0.05, data transformed as ln(x+1)) 
Source ss df loS F 
Height 10.14 3 3.38 18.20 
Aspect 4.16E-05 1 4.16E-05 2.0E-04 
Height x Aspect 2.30 3 0.77 4.27 
Residual 5-74 32 0.18 I 
Total 18.18 39 I I 
3. Results of SNK analyses (Transformed means, ~ = 0.05) 
By Aspect: 
Barnacle Zone: Vertical = Horizontal 
Upper Galeolaria Zone: Vertical < Horizontal 
Galeolaria Zone: Horizontal = Vertical 
Algae Zone: Horizontal = Vertical 
By Height on Shore: 
Horizontal Plates: 
sig 
•• 
ns 
• 
I 
I 
Barnacle Zone = Algae Zone < Upper G~~olaria Zone = Galeolaria Zone 
Vertical Plates: 
Barnacle Zone = Upper Galeolaria Zone = Algae Zone < Galeolari~ Zone 
TABLE 3B. 2 
Analyses and results for early recruitment of worms at various heights 
on the shore. 
Exposure Period: 30 Sep., 1985 to 30 Oct., 1985 (30 days) 
1. t'.ean number of worms on plates (n. = 5) 
Zone Aspect Mean (±. S. E.) 
Barnacle Horizontal 0.4 0.8 
Vertical 0.2 0.2 
Upper Galeolaria Horizontal 3.6 17.8 
Vertical 1.4 0.3 
Galeolaria Horizontal 2.8 1.7 
Vertical 3.4 4.3 
Algae Horizontal 1.2 1.7 
Vertical 0.4 0.3 
2. Results of ANOVA (Q = 0.05, data transformed as ln(x+1)) 
Source ss df MS F sig 
Height 8.63 3 2.88 12.88 ·~· 
Aspect 0.33 1 0.33 1 .47 ns 
Height x Aspect 0.48 3 0. 16 0.72 ns 
Residual 1.15 32 0.22 I I 
Total 16.59 39 I I I 
3. Results of SNK analyses (Transformed means, ..Q = 0 .05) 
Barnacle Zone = Algae Zone < Upper Galeolaria Zone = Gal~olaria Zone 
TABLE 3B. 3 
Analyses and results for early recruitment of worms at various heights 
on the shore. 
Exposure Period: 30 Oct., 1985 to 29 Nov., 1985 (30 days) 
1. Mean number of worms on plates (n. = 5) 
Zone Aspect Mean (±_ S. E.) 
Barnacle Horizontal 1.4 0.3 
Vertical 0.6 0.3 
Upper Galeolaria Horizontal 40.4 792.3 
Vertical 9.6 107.3 
Galeolaria Horizontal 18.6 35.8 
Vertical 36.2 132.2 
Algae Horizontal 2.6 6.3 
Vertical 5.6 9.8 
2. Results of ANOVA ~ = 0.05, data transformed as ln(x+1)) 
Source ss df t-5 F 
Height 44.55 3 14.85 47.06 
Aspect 0.12 1 0.12 0.39 
Height x Aspect 8.08 3 2.69 8.53 
Residual 10.09 32 0.32 I 
Total 62.86 39 I I 
3. Results of SNK analyses (Transformed means, ~ = 0.05) 
By Aspect: 
Barnacle Zone: Horizontal = Vertical 
Upper Galeolaria Zone: Vertical < Horizontal 
Galeolaria Zone: Horizontal = Vertical 
Algae Zone: Horizontal = Vertical 
By Height on Shore: 
Horizontal Plates: 
sig 
••• 
ns 
••• 
I 
I 
Barnacle Zone = Algae Zone < Galeolaria Zone = Upper Galeolaria Zone 
Vertical Plates: 
Barnacle Zone < Algae Zone = Upper Galeolaria Zone < Galeolaria Zone 
TABLE 3B.ll 
Analyses and results for early recruitment of worms at various heights 
on the shore. 
Exposure Period: 29 Nov., 1985 to 28 Dec., 1985 (29 days) 
1. Hean number of worms on plates (!l = 5) 
Zone Aspect Mean (±. S. E.) 
Barnacle Horizontal 0.0 o.o 
Vertical 0.0 0.0 
Upper Galeolaria Horizontal 2.0 0.8 
Vertical 0.0 0.0 
Galeolaria Horizontal 1.2 0.7 
Vertical 2.6 0.8 
Algae Horizontal 0.0 0.0 
Vertical 0.4 0.3 
2. Results of ANOVA (~ = 0.05, data untransformed) 
Source ss df MS F 
Height 22.48 3 7.49 6.11 
Aspect 0.03 0.03 0.02 
Height x Aspect 15.28 3 5.09 4.15 
Residual 39.20 32 1.23 I 
Total 76.98 39 I I 
3. Results of SNK analyses ~ansformed means, ..E = 0 .05) 
By Aspect: 
Barnacle Zone: Horizontal = Vertical 
Upper Galeolaria Zone: Vertical < Horizontal 
Galeolaria Zone: Horizontal = Vertical 
Algae Zone: Horizontal = Vertical 
By Height on Shore: 
Horizontal Plates: 
sig 
•• 
ns 
• 
I 
I 
Barnacle Zone = Algae Zone = Gal~Qlaria Zone = Upper Galeolaria Zone 
Vertical Plates: 
Barnacle Zone = Upper Galeolaria Zone = Algae Zone < GaleQlari~ Zone 
TABLE 3B. 5 
Analyses and results for early recruitment of worms at various heights 
on the shore. 
Exposure Period: 28 Dec., 1985 to 28 Jan., 1986 (31 days) 
1. Mean number of worms on plates (!l = 5) 
Zone Aspect Mean (±. S. E. ) 
Barnacle Horizontal 5.8 12.2 
Vertical 2.0 3.5 
Upper Galeolaria Horizontal 181.8 746.2 
Vertical 75.4 503.8 
Galeolaria Horizontal 207.0 6055.0 
Vertical 300.4 6282.3 
Algae Horizontal 16.0 20.0 
Vertical 37.2 99.7 
2. Results of ANOVA (~ = 0.05, data transformed as ln(x+1)) 
Source ss df MS F 
Height 100.29 3 33.43 200.18 
Aspect 0.71 1 0.71 1.03 
Height x Aspect 5.61 3 1. 87 11.19 
Residual 5.36 32 0.17 I 
Total 111.43 39 I I 
3. Results of SNK analyses (Transformed means, ~ = 0.05) 
By Aspect: 
Barnacle Zone: 
Upper Galeolaria Zone: 
Galeolaria Zone: 
Algae Zone: 
By Height on Shore: 
Horizontal Plates: 
Vertical < Horizontal 
Vertical < Horizontal 
Horizontal = Vertical 
Vertical < Horizontal 
sig 
••• 
ns 
•• 
I 
I 
Barnacle Zone < Algae Zone < Upper Galeolaria Zone = Galeolaria Zone 
Vertical Plates : 
Barnacle Zone < Algae Zone < Upper Galeolaria Zone < Gal-eolaria Zone 
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recruiting in the worm zone show no preference for surfaces of specific 
aspects. In the Upper Galeolaria Zone, there were significantly more 
worms on plates fixed to the horizontal surface (Tables 3B.1-3B.5). 
Worms recruiting to the Barnacle and Algae Zones also showed no 
preference for surfaces with particular aspect, except when recruitment 
was intense (exposure period 28 Dec. to 28 Jan.). During that period, 
more worms recruited to plates fixed to horizontal surfaces than 
vertical surfaces (Table 3B.5). 
Discussion 
Few worms recruited to plates that were placed outside the 
distribution of adults. It is possible that larvae settled and died 
before being observed, but, if so, they died before making primary 
tubes for no empty tubes were found on plates in the Barnacle and Algae 
Zones. Endean et al. (1956) and Underwood (1981) suggested that the 
lack of space for settlement causes the lower limit of the distribution 
of Galeolaria. Algae grew rapidly low on the shore (Denley and 
Underwood, 1979) and the cover of foliose macroalgae was virtually 100% 
at all times of the year (Underwood, 1981). Data presented here 
suggest that when new space is available for settlement in the algae 
zone (e.g. sandstone plates), few worms recruit there. This implies 
that some ruechanism other than the pre-emption of suitable substrata 
prevent~ large numbers of worms from recruiting low on the shore. 
Perhaps the pre-settlement distribution of larvae is such that few 
larvae arrive there (e.g. Grosberg, 1982), or the larvae that do arrive 
there die shortly after settlement. It is also possible that larvae 
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arriving in the algae zone move away and either die or settle elsewhere 
before they are observed (Crisp, 1976). 
Similarly, few worms recruited to plates in the barnacle zone, 
even when recruitment was intense. There is no evidence that larvae 
settled and died (e.g. no empty tubes) but this possibility, although 
unlikely, exists. Larvae settling amongst barnacles could be damaged 
by Patelloida latistrigata, an abundant limpet which grazes algal 
propagul es on the substrata and the shells of barnacles (Jernakoff, 
1985). Worms on the bottan surfaces of plates would not be damaged 
because the limpets are too large to fit through the narrow gap between 
the substratum and the plate. b On the natural suetratum, the 
,.. 
combination of sparse recruitment and damage by grazers probably 
jointly contribute to the often distinct boundary between tubeworms and 
barnacles. 
The few worms that are found in the barnacle zone occur mainly in 
pools, probably deposited there during storms (see Chapter 2B). The 
pools probably provide enough water to all~T the worms to survive to an 
invulnerable size. These larvae may escape the effects of grazing by 
settling under or near the edges of the encrusting red alga, 
Hildenbrandia prototypus Nardo (pers. obs.), or in some other refuge. 
Similarly, small Nerita atramentosa have been observed to use 
Hildenbrandia as a refuge (Underwood, 1976) 
Because the numbers of worms recruiting in the Galeolaria Zone on 
horizontal and vertical surfaces did not differ at any period of 
exposure, estimates of early recruitment made using plates on 
horizontal surfaces are valid for vertical surfaces. 
The causes of differences in the number of worms settling in other 
68 
Height on the Shore 
zones on plates with different aspects are not known. Only in the 
Upper Galeolaria zone is the pattern of difference between vertical and 
horizontal surfaces consistent with the water-flow at the site. There, 
water drained over the vertical plates onto the horizontal plates, 
where water formed shallow pools before draining. In most exposure 
periods, there were significantly more worms on horizontal plates 
(Tables 3B.1-5, Part 3). Larvae would have had greater opportunity to 
attach to plates on the horizontal surface because the plates were in 
I 
contact with water for longer periods than the vertpal plates. In the 
~ 
barnacle and algal zones, there was no difference in the number of 
worms recruiting on horizontal and vertical plates when the intensity 
of recruitment was small (Tables 3B.1-4, Part 3). When recruitment was 
intense, however, more worms settled on horizontal plates than on 
vertical plates. In the barnacle zone, water drained over horizontal 
plates onto vertical plates, but due to the topography of the 
substratum, more water may have been retained under horizontal plates. 
In the algal zone, the pattern of water-flow over the two surfaces was 
independent, suggesting that the retention of water under horizontal 
plates may be an important factor determining where larvae settle in 
that zone. It is not known if this difference between early 
recruitment on horizontal and vertical surfaces is due to the presence 
of Plates alone. It is possible that in the absence of plates, no such 
differences occur, or that observed differences in the abundance of 
worms can be explained by small-scale patterns in water-flow. 
Unless the patterns of settlement for Galeolaria prove to be 
vastly different from those seen for early recruitment, the limits of 
distribution of the worms appear to be governed largely by the 
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distribution of settling larvae. At the upper limit, damage by grazing 
gastropods, potential desiccation, reduced period of submersion and 
paucity of larvae probably all contribute to the maintenance of the 
barnacle-worm boundary. Some worms do settle in the algal zone, but 
the reasons for the often diffuse boundary between worms and algae were 
not thoroughly investigated here. 
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Chapter 3 
C: Larval Rearing 
Introduction 
Attempts were made to rear Galeolaria larvae to the settlement 
stage in the laboratory. The purpose of the laboratory rearings were: 
1) to compare patterns of settlement in the laboratory with those 
in the field. 
2) to isolate and examine the effect of specific factors (e. g. 
water movement, light, surface area and complexity) on settlement and 
recruitment. 
Materials and Methods 
Ripe adults were found from early spring (September) through to 
late summer (February). It was possible to find a few ripe individuals 
at any time of the year, but the most sucessful fertilizations were 
achieved with worms collected in spring and summer. 
Clumps of tubes were broken open and ripe adults removed and 
placed in clean, filtered seawater. This was done by touching the 
worms gently on the operculum. The worms reacted by withdrawing into 
the tube, and out of the back of the broken tube. The worms were 
handled with forceps around the thoracic segments, which reduced 
damage. Damaged worms exuded a greenish-black coelomic fluid, and/or 
reddish-brown blood, and their gametes were not used. Eggs and sperm 
emerged from the body through slits in the body wall in each abdominal 
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segment. The slits were perpendicular to the long axis of the worm. 
Eggs were collected fran up to 30 females and placed in a beaker 
with filtered seawater. Sperm was collected from as many undamaged 
males as possible and added to the eggs after they had become round 
(about 15 minutes after shedding). Eggs and sperm were left in a small 
beaker at roan temperature for 4 to 5 hours to ensure maximal 
fertilization. They were then transferred to a large 20 litre beaker 
with fresh, filtered seawater. If the roan temperature was less than 
22°C, the beakers were placed in a constant temperature bath at 
24°C. Eighteen hours later, swimming trochophores had developed and 
aggregated in the upper layers of the beakers (Fig. 3C.1). Twenty-four 
hours after fertilization these were collected by pouring the culture 
through a 45 j mesh seive, then placed in clean, filtered water to 
which an algal culture had been added. All eggs that had not 
successfully developed remained at the bottan of the beaker and were 
discarded. 
Several batches were transferrred to clean water without the 
addition of algae in order to determine how long the larvae could live 
without food. In all cases, larvae survived 4 days after fertilization 
without food. 
Algal Cultures 
Two algal species were used alone and in combinations. 
Dunaliella tertiolecta was easy to rear and grew well in a standard f 
solution (Guillard and Ryther, 1962). Pavlova sp. was also used but 
was more difficult to rear in dense cultures. 
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Figure 3C.1 
A five-day old trochophore larva reared in the laboratory. Round 
midgut and hindgut can be seen in green-brown. Photograph by Kathie 
Atkinson. 
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Algal cultures were added each time water was changed (every three 
days after the initial change). Cultures were used when they had a 
thick green appearance (Dunaliella) or light brown appearance 
(Pavlov a). These colours generally corresponded to cell densi ti tes of 
1.4 x 104 per ml. New cultures were started every 10 days, and no 
culture more than 20 days old was used. Occasionally, a healthy batch 
of trochophores would die within 12 hours after a water change and 
addition of algae. In such cases, I suspected (and occasionally 
confirmed by microscopic examination) that the algal culture contained 
some contaminant (usually protozoan ciliates). The suspect culture was 
discarded. 
Problems with cultures 
Although the rate of successful fertilization varied with each 
batch, it was always possible to produce some trochophores. Even in 
batches with a high proportion of fertilized eggs, larvae died in 
progressively larger proportions as they grew. This has been found by 
two other researchers in rearing Galeolaria larvae (T. Lacalli, pers. 
comm.; J. Marsden, pers. comm.). Perhaps the larvae change their 
feeding preferences as they grow, or the algae used did not supply 
enough of the nutrients required for growth in later stages. 
As a consequence of this great mortality, few larvae from each 
batch achieved the three-setiger stage, the earliest stage at which 
they are competent to settle (Marsden and Anderson, 1981). Late stage 
larvae were observed in the "searching" behaviour described for 
Galeolaria and other serpulid larvae (Straughan, 1972; Crisp, 1977; ten 
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Hove and Weerdenburg, 1978; Marsden and Anderson, 1981). The larvae 
crawled or swam in slow spiral motions over or near the substratum, 
sometimes attaching to it, before continuing to swim or crawl. No 
attachments made during these observations were permanent. 
Various attempts were made to induce the few late stage larvae 
that did survive to settle. Sandstone plates and small clumps of 
adults were provided to all late stage larvae. Because larvae appeared 
to settle in the field in great numbers after a storm, it was 
hypothesized that they preferred to settle in moving water. Vigorous 
aeration was added to some cultures, but larvae died. A paddle which 
moved water and algae continuously about in a circular container was 
used, but larvae died. 
Only one batch was reared to the point where larvae attached 
themselves to sandstone plates (fertilized on November 8, 1984). A 
large proportion of eggs fertilized developed into swimming larvae in 
this batch, and approximately 50 larvae survived to the three-setiger 
stage. Late stage larvae attached to sandstone plates in the pre~ence 
of a small clump of live adults and subsequently died. The location of 
the larvae on the 6 plates was recorded: (see next page) 
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Plate Number Number settled 
on Top of Plate 
1 
2 
3 
4 
5 
6 
Mean 
2 
2 
6 
5 
5 
2 
3.6 (0.76) 
Number settled 
on Bottom of Plate 
2 
2 
3 
0 
1 
1.5 (0.42) 
Larval Rearing 
Total 
4 
4 
7 
8 
5 
3 
31 
Clearly, more worms settled on the tops o~ plates than the bottom 
of plates. This result differs from results observed in the field. 
Larvae settle on the bottom (shaded) side of sandstone plates in the 
field, with few exceptions. The few larvae on the tops of plates were 
under the washer securing the plate. In the laboratory, the stimulus 
presented by light may not have been of the same intensity or type as 
in the field. Were light the only important stimulus, more worms would 
be expected to settle on the undersides of plates in the laboratory. 
Presumably, some other factor such as thigmotaxis or combination of 
factors causesthe non-random settlement of laboratory-reared larvae. 
Although the evidence for settlement in the laboratory is scant, 
the results do point to the danger in assuming that larval preferences 
for site of settlement demonstrated in laboratory experiments are the 
same as those found in natural conditions. More work needs to be done, 
particularly in determining what food, or combinations of foods, will 
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ensure successful rearing to settlement. 
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Chapter 3 
D: Gregarious Behaviour 
Introduction 
Gregariousness has been defined as "an intraspecific response, 
that is, the selection by larvae of a site already inhabited by members 
of their (sic) own species ... " (Schel tema, 1974). Gregarious 
settlement has been proposed as a mechanism by which larvae of 
serpUlids aggregate and maintain dense populations on hard substratra 
(ten Hove, 197 9). · If gregariousness is to be a meaningful biological 
mechanism, however, its definition must be expanded to exclude the 
physical factors which may cause larvae to aggregate. To conclude that 
a species aggregates by gregarious behaviour it is necessary to 
demonstrate that the physical factors alone which act during the 
settlement process are not sufficient to cause aggregations of animals. 
Ultimately, the specific biological agent causing the aggregation 
should be isolated and demonstrated to cause larvae to aggregate 
(Meadows and Campbell, 1972). Fretter and Manly (1977), for instance, 
showed that the larvae of Littorina neritoides settled exclusively in 
damp cracks and crevices that provided shelter and food; larvae which 
settled elsewhere were washed off the rock. Here physical factors 
alone caused the observed aggregation of recruits. Peterson ( 1986) 
found that approximately half of the enhancement of Mercenaria 
mercen~ populations in seagrass beds could be explained by the 
passive hydrodynamic influence of the projecting seagrasses. 
Studies claiming to have demonstrated gregarious behaviour have, 
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however, often confounded or ignored both physical and biological 
factors which may have affected settlement behaviour. For example, 
several studies compared settlement on bare plates to that on plates 
bearing live adult worms (Scheltema, 1981; Crisp, 1977) without either 
physical or biological controls. The physical presence of worm tubes 
(either occupied or empty) may have several interrelated effects on the 
substratum: 
a) water-flow over the substratum may be altered by tubes, 
b) greater surface area is available for settlement when tubes are 
present, and, 
c) surface area is more complex (e.g., has more cracks, spaces and 
crevices) when tubes are present. Some types of larvae settle 
preferentially into pits, cracks and other surface irregularities 
(Crisp, 1974; Fretter and Manly, 1977). These differences in the 
physical nature of the settlement surface due to the presence of tubes 
may alone be sufficient to alter behaviour during settlement (Eckman, 
1983). 
Another potentially important factor is the presence of chemical 
compounds incorporated into the tube, or secreted by adults. For 
example, larvae of barnacles can detect the presence of tanned proteins 
secreted by adults (Crisp and Meadows, 1963). Amongst the polychaetes, 
some species of spirorbids can detect and preferentially settle on 
surfaces containing extracts of the algae on which they are found in 
the field (DeSilva, 1962; Gross and Knight-Jones, 1957). The 
sabellarian polychaete Phragmatopoma californica has been shown to 
respond to the glue used by adults to build tubes (Jensen and Morse, 
1984). An external protease secreted by tubicolous polychaetes 
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(Zottoli and Carriker, 1974) has been suggested as a potential 
attractive agent for settling larvae (ten Hove, 1979). The presence of 
such biologically produced ccmpounds and the length of time after 
synthesis that they remain viable may have important consequences on 
the pattern of recovery of disturbed habitats. 
An important biological factor that is often ignored is the effect 
of the density of adults or previously settled juveniles on settling 
larvae. If larvae respond only to large densitites of live adults, the 
pattern of recolonization of disturbed habitats may be very different 
frcm that occurring if they also settle in response to small densities 
of adults. In many studies, the number of live adults presented as a 
stimulus for larval settlement does not appear to correspond with 
natural densities of the worms. 
With few exceptions (Knight-Jones and Stephenson, 1950; Kleckner, 
197 6; Straughan, 197 2), tests for gregariousness have been done in the 
laboratory. Such tests may have little or no relationship to the 
situation in the field (for example, see Wilson, 1972 in Meadows and 
Campbell, 1972). In the laboratory, it is impossible to assess the 
relative importance of physical factors such as wave intensity and 
small-scale variation in water-flow. While laboratory experiments may 
demonstrate that larvae are capable of gregarious behaviour, only field 
experiments can determine whether such behaviour actually operates in 
nature and is important compared to PhYSical factors that may aggregate 
larvae. 
In order to obtain an accurate picture of the settlement behaviour 
of Galeolaria larvae in the field, a small-scale experiment was 
designed to distinguish between gregariousness and alternate 
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hypotheses. The treatments in this experiment were made approximately 
the same size as those done by others in the laboratory (e.g., the size 
of a petri dish), but placed in the field so that natural physical 
factors influenced the results. 
Hypotheses .Iested 
Several hypotheses are usually inextricably confounded in 
experiments on gregarious settlement. Here I attempted to distinguish 
between the following alternate hypotheses that might explain 
gregariousness in Galeolaria: 
a) Larvae settle gregariously, that is they settle preferentially 
(or in greatest numbers) on or near live, conspecific adults; 
b) Larvae settle in response to some chemical stimuli associated 
with the tubes of adult Galeolaria (e.g., material used to make tubes); 
c) Larvae settle in and near structures which provide complex 
surface area (e.g., cracks, crevices and pits); 
d) Larvae settle in, on or near any structure which provides 
shade; 
e) Larvae respond differently to small and large densities of 
tubes. 
Although relative amounts of surface area were measured in the 
experiment, it was not possible to distinguish surface area per se from 
surface canplexi ty. It was self-evident, however, that treatments with 
large densities of tubes represented both greater surface area and 
greater spatial canplexity than those with small densities of tubes. 
Further, natural tubes were more complex physically than were 
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artificial tubes. Similarly, treatments with large densities of tubes 
were likely to have a greater effect on flow of water thane. :>re 
treatments with small densities of tubes. Because the amount of 
stimuli may affect the magnitude of larval settlement, the experiment 
was done at two densities which reflect natural densities of worms low 
and high on the rock platform. 
Materials and Methods 
The experiment was done during the settlement season in 1983 and 
repeated in 1984. 
"Small-density" refers to treatments with approximately 10 tubes 
(artificial or real) on a sandstone plate approximately 8 x 5 em. This 
corresponded to natural densities found at the upper limit of the 
worm's distribution (see Chapter 2). "Large-density" for artificial 
tubes was 175 to 200 simulated tubes glued onto an 8 x 5 em sandstone 
plate. For real tubes and live worms, "large-density" refers to a 
clump of worms or tubes taken from the middle of the worm's vertical 
distribution, where the number of worms or tubes varied between 
approximately 160 to 275 in an 8 x 5 em area (see Chapter 2). 
Experimental Design - ~ (Figure 3D.3) 
The treatments were: 
1. "Control": bare 8 x 5 em sandstone plates, made from freshly 
cut stone. 
2. "Artificial": artificial tubes were constructed by coating wire 
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FIGURE 3D. 1 
One of the trays used in the 1984 experiment to test gregariousness of 
settling larvae. 
FIGURE 3D. 2 
Experimental trays in place on the rock platform near Site B (1983 
experiment). 

FIGURE 30.3 
Experimental design used to test gregariousness of Galeolaria larvae. 
EXPERIMENTAL DESIGN TO TEST 
GREGARIOUSNESS IN GALEOLARIA LARVAE 
FACTORS TESTED : 
1. SMALL versus LARGE DENSfTY OF TUBES 
2. ARTIFICIAL versus REAL COMPOSITION OF TUBES 
3. PRESENCE versus ABSENCE OF LIVE WORMS 
SMALL DENSITY LARGE DENSITY 
ARTIFICIAL TUBES 
-ast##f ~ I 
~~ I 
NO WORMS 
REAL TUBES 
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111111111 
I I 
noon nnnnn 
I I 
Gregarious Behaviour 
insulation material with plaster of paris in a polyurethane base. 
Small-density tubes were glued prostrate to sandstone plates; large-
density tubes were erect on the plates. 
3. "Real, Empty": real but empty tubes of Galeolaria were glued to 
sandstone plates. Worms were removed from the tubes by soaking in 
fresh water. The opening to the tubes were sealed with Silastic 732 
RTV adhesive/sealant (Dow Corning) so that larvae would not settle 
inside the empty tubes (an area not normally available to larvae 
settling in a clump of live adults). 
4. "Alive": real tubes with live worms. For small density 
treatments, an 8 x 5 em area of rock containing approximately 10 worms 
was cut out of the platform, using a masonry cutting disc mounted on an 
electric drill. For large-density treatments, clumps of live adults 
were chiselled off the platform and cut or broken to approximately 8 x 
5 em. 
Expandacrete UW (Expandite-Rawlplug (Aust.) Pty. Ltd.), a two-part 
glue which had no toxic effects (O'Donnell, 1984; S. McKillup, pers. 
comm.) was used to attach tubes to sandstone plates and to secure 
treatments into trays. 
Two replicates of each treatment and control were assembled and 
glued haphazardly into six plastic trays (Fig. 3D.1). Each tray was 2 
em in height, 36 em long and 25 em wide. A stainless steel mesh fence 
(3 meshes to the em) approximately 5 em high surrounded the treatments 
to exclude grazing gastropods which could reduce the survival of newly 
settled worms (see Chapter 4C). 
Trays were placed in cavities chiselled in an area of flat rock at 
a tidal height of 1.34 m. In place, the base of the treatments w o..~ 
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level with the rock platform (Fig. 3D.2). The trays were secured with 
six stainless steel screws set into rawlplugs in the rock. 
The first experiment began on 23 November, 1983 and was removed on 
18 January, 1984 (55 days). The trays were preserved in 5% formal 
seawater; treatments were separated and examined under a dissecting 
microscope. All young worms were removed and counted. For large-
density "Alive" treatments, only young worms that were smaller than the 
largest worm found in the large-density "Real, Empty" treatments were 
counted, in order to include only those worms that had settled after 
the experiment began. 
A priori Comparisoqs 
Planned comparisons include the following: 
"Control" vs all other treatments, to determine the effect of 
structures on settlement surface . 
"Small-density" vs "Large-density" of the same type of treAtment, 
to estimate the magnitude of the effects of altered water-flow and 
differences in surface complexity and surface area. 
"Artificial" vs "Real, Empty", to determine the effect of chemical 
composition of real tubes on settlement behaviour, while controlling 
for the effect of altered water-flow over treatments and surface 
complex! ty/area. 
"Real, Empty" v s "Alive", to examine the effect of live adults on 
settlement behaviour, while controlling for the effect of tubes alone. 
"Real, Empty" vs "Real, Empty, Shaded" (for both densities) to 
test the effect of shade on the magnitude of settlement. (The 
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hypothesis regarding shade was not tested in the 1983 experiment- see 
below). 
Experimental Design - ~ 
In 1984, the above experiment was repeated with the following 
adjustments to design and execution: 
1) Because "Control" treatments in the 1983 experiment had the 
smallest number of young worms (Table 30.1), these were omitted from 
the 1984 experiment to allow for the increased replication of the 
"Alive 11 treatments (large-density) which washed away during the 1983 
experiment. 
2) The coating on the "Artificial" tubes was partially washed away 
during the 1983 experiment, and was replaced by "liquid shell", a 
durable, hard-setting glue made with calcium carbonate in a plastic 
base (formulated specifically for this experiment by Mr Bob Young of 
Fairfield Handicrafts Pty. Ltd). This glue was malleable when wet, 
allowing realistic mimics of tubes to be formed directly onto sandstone 
plates for the small-density treatments. Tubes for large-density 
treatments were made by coating white plastic tubing (1.5 em long, 2mm 
diameter) with the same "liquid shell". This glue was also used to 
fill the openings of real and artificial tubes. 
3) During the 1983 experiment, many of the worms in the "Alive" 
(small-density) treatments died, probably due to disturbance caused by 
cutting them out of the platform. To circumvent this, worms growing on 
the encrusting red algae Hildenbrandia prototypus and the encrusting 
brown algae Ralphsia were individually removed with a thin metal blade 
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and glued into the 1984 experiment. Sand was pressed into the wet glue 
to mimic the natural substratum of the worms. These survived well and 
grew during the experiment. 
4) A different glue, Vepox CC 513 Putty (Vessey Chemicals, Fty. 
Ltd.) was used because it was easier to handle, had a greater set 
strength, and was non-toxic. This glue had the added advantage of 
closely mimicking the colour and texture of native sandstone. 
5) Two of the trays were used to assess the effect of shade on 
settlement. These contained only "Real, Empty" treatments in two 
densities; each tray had seven replicates of each density. Shade was 
provided by a stainless steel mesh roof. 
6) To alleviate the problem of algal growth experienced in the 
1983 experiment, the diquat herbicide, Reglone (ICI) was applied to all 
trays when algae developed. This occurred only during the last two 
weeks of the experiment (19 November and 22 November, 1984). 
Estimation of Surface Area 
Before assembly into trays, the relative surface area of all 
treatments (except those containing live worms) was estimated. This 
was done by dipping the surface of the treatment into a known weight of 
glycerine. Excess glycerine was allowed to drip back into the weighing 
container for 1 min 15 sec., and the mass of glycerine (in grams) 
retained by each treatment was recorded and used in the analyses. It 
was assumed that the amount of glycerine retained by each treatment was 
proportional to its surface area. Although imprecise, this method gave 
a relative measure of surface area. For those treatments containing 
85 
Gregarious Behaviour 
live worms, this procedure was done after the treatments had been 
preserved. When treatments were glued into trays, care was taken to 
expose only the upper surface, corresponding to the area for which 
surface area had been estimated. The average surface area for Small-
Density treatments was 1.07 g glycerine, and 6.45 & glycerine for 
Large-Density treatments. 
The 1984 experiment began on 25 October, and was retrieved and 
preserved on 17 December (53 days). The treatments were separated and 
young worms removed and counted. 
Analysis of Data 
Because of difficulties in the 1983 experiment (some of which were 
mentioned above), mean numbers of worms were calculated, with no 
further analysis. 
The numbers of worms settling in the 1984 experiment were used in 
a two-factor ANOVA, with factors Density and Treatments. Data were 
transformed as log(x+1) to stabilize variances (Winer, 1971). 
In order to account for the differences in surface area, data from 
the 1984 experiment were also used in an analysis of covariance 
(Huitema, 1980). Surface area (untransformed) was the covariate, the 
number of worms settling on each treatment was used as the variate. 
The numbers of worms settling were transformed as log(y+1) to stabilize 
variances (Zar, 1974). Large and small density treatments were 
analysed separately. 
For the "Real, Empty, Shaded" treatments, eight replicates from 
the available fourteen were randomly chosen for analysis in order to 
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TABLE 30.1 
1983 Experiment to Test Gregariousness 
Mean number (~ S.E.) of newly-settled Galeolaria per Treatment (Q = 12) 
"Control" 
Treatments 
"Artificial" 
"Real, Empty" 
"Alive" 
3.8 (3.2) 
Small-Density 
7.3 (5.8) 
22 (4.3) 
4 (1.5) 
Large-Density 
31 ( 5) 
68 ( 26) 
missing 
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balance the design. For the "Alive" treatments, eight treatments which 
had not been damaged by waves were used in the analysis (two from each 
of four trays). 
Planned multiple comparisons were done using the Bryant-Paulson 
generalization of Tukey's HSD (Huitema, 1980). 
Results 
1.2..§3. ( Table 3D. 1) 
"Control" treatments (sandstone plates) had a smaller mean number 
of newly-settled worms than any other treatments. Interpretation of 
other comparisons was unreliable because of the problems outlined 
above, and the following difficulties. 
Algae (Ul va and Enteromorpha) grew in all trays. The algae caused 
sediment to be retai~ on the treatments, especially on small-density 
treatments; treatments with sediment had few worms. 
Worms in "Alive" treatments were mainly dead when collected, 
probably because of sediment trapped by algae. Large-density "Alive" 
treatments were washed away by waves during the experiment and so data 
were unreliable. 
~ 
Effect of Density of Tubes on Settlement - Small versus Large-Density 
Treatments (Table 3D.2-4 and Figs. 3D.4 and 3D.5) 
The numbers of worms settled on any single treatment ranged from 0 
to 248. With the single exception of the Small-Density, "Real, Empty, 
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TABLE 3D. 2 
A. Mean (+ S.E.; n = 8) numbers of newly settled Galeolaria (per 40 
cm2) in ea~h treat;ent (1984) 
Untransformed 
Small Density Large Density 
Treatment 
Artificial 
Real, Empty 
Alive 
Real, Empty 
Shaded 
0.25 ( 0.25) 
3.88 (0.72) 
5.38 (1.41) 
28.88 ( 4.94) 
25.13 (3.46) 
37.88 (6.33) 
53.63(10.43) 
91.00( 15.39) 
Transformed log(x+1) 
Small Density Large Density 
0.06 (0.06) 
0.66 (0.06) 
0.76 (0.07) 
1.44 (0.07) 
1.39 (0.06) 
1.54 (0.07) 
1.68 ( 0.08) 
1.93 (0.06) 
B. 2-Factor ANOVA for Number of Worms settling in Gregarious 
Experiment. Data transformed as log(x+1). 
Source ss df HS 
Density 13.15 1 13.15 
Treatment 7.45 3 2.48 
Density x Treatment 1.40 3 0. 47 
Residual 1.99 56 0.04 
Total 24.01 63 I 
Results of SNK Tests, ~ < 0.05 (Transformed means) 
Small 
Density = SD 
Large 
Density = LD 
Artificial = ART 
Real , Empty = RE 
Alive = AL 
Real, Empty, Shaded = RES 
F sig 
375.71 ••• 
68.57 ••• 
13.31 ••• 
I I 
I I 
SD ART < SD RE = SD AL < LD ART = SD RES = LD RE = LD AL < LD RES 
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Shaded" treatments, more worms settled on Large-Density treatments than 
on Small-Density treatments. (ANOVA, ~ < 0.05 and SNK tests, ~ < 
0.05). For each type of treatment, small-density treatments had 
significantly fewer worms than Large-density treatments (SNK tests, ~ < 
0.05). The significant interaction between Density and Treatments was 
due to the greater mean value for Small-density "Real, Empty, Shaded" 
treatments compared with the mean for the Large-density "Artificial" 
treatments. 
After adjustments for surface area, differences among treatments 
for both Small- and Large-density were · significant (ANCOVA, ~ < 0.05) 
A. Results for Large-Density treatments (Fig. 30.4) 
Adjusted means were ordered (least to greatest) "Artificial", 
"Real, Empty", "Alive", "Real, E:npty, Shaded" (Table 30.3), the latter 
two were significantly greater than the former pair of treatments. 
There was no significant difference between adjusted means of 
"Artificial" versus "Real, Empty" treatments (BPT test, ~ > 0.05), so 
the artificial tubes provided a reasonable simulation of the natural 
tubes, and the composition of tubes~ se did not influence settlement 
of worms. Nevertheless, significantly more worms settled in treatments 
containing live adults than in treatments with real, empty tubes (BPT 
test, ..Q < 0.05), implicating the presence of adults, or something 
produced by live adults as a stimulus to settlement. 
There was no significant difference between adjusted means of 
"Alive" versus "Real, Empty, Shaded" treatments, but these two 
treatments had significantly more worms than other treatments (BPT 
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FIGURE 30.4 
Number of worms found on large-density treatments plotted agai nst 
surface area (g glycerine retained by treatments). (~ = 14 for Real, 
Empty, Shaded Treatments; n = 8 for all others) 

FIGURE 3D.5 
Number of worms found on small-density treatments plotted against 
surface area (g glycerine retained by treatments). <n = 14 for Real, 
Empty, Shaded Treatments; Q = 8 for all others) 
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TABLE 30.3 
A. Analysis of Covariance for Large-Density Treatments. Numbers of 
worms per 40 cm2 experimental treatment. Transformed as log (y+1). 
Treatment 
Artificial 
Real, Empty 
Alive 
Real, Empty, 
Shaded 
Summed 
Common 
Total 
B. Adjusted Means 
Deviation from Regression Regression 
Coefficient SS df MS F-ratio 
0.109 
0.027 
0.020 
0.036 
0.029 
0.1993 
0.1401 
0.3477 
0.0239 
0. 7183 
0. 7 408 
Difference among slopes 
0.032 1. 77 8 
6 
6 
6 
6 
24 
27 
30 
Differences among adjusted means 
0.0332 
0.0200 
0.0579 
0.0039 
0. 1162 
0.027 
0.059 
0.0645 ns 
12.80 ... 
Artificial = Real, Empty < Alive = Real, Empty, Shaded 
1.45 1.46 1.72 1.89 
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tests, Q > 0.05). Thus, live worms and real, empty tubes that are 
shaded provide approximately equivalent stimuli to settlement, and the 
stimulus provided by the other two treatments was significantly less 
effective in inducing settlement. 
B. Results for Small-Density treatments (Fig. 3D.5) 
Adjusted means were ordered in the same manner as for Large-
Density treatments. 
The adjusted mean for "Real, Empty, Shaded" treatments was 
significantly greater than that for other treatments (BPT tests, Q < 
0.05). The mean number of worms found on "Real, Empty" tubes was not 
significantly different from that for "Alive" worms, and both were 
significantly greater than the mean number of worms found on 
"Artificial" treatments. Thus real, empty tubes that were shaded 
provided the strongest stimulus to settling larvae, the artificial 
tubes provided the weakest stimulus and the stimuli provided by the 
real, empty tubes and live wcrms were approximately equal in effect 
(Table 3D.4). 
Effects of Shade 
Small-Density and Large-Density shaded treatments had 
significantly more worms than unshaded treatments ("Real, Empty" 
treatments, SNK tests, J? < 0.05). Since the type of substratum was the 
same in both treatments (real but empty tubes), worms preferred to 
settle on shaded surfaces. The mean number of worms found on the areas 
with glue between the treatment plates was 19.7 worms (Small-density) 
and 174.5 worms (Large-density). The surface area for the glue between 
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TABLE 3D. 4 
A. Analysis of Covariance for Small-Density Treatments 
Y transformed as log(y+1) 
Treatment Regression Deviation from Regression 
Coefficient SS df MS F sig. 
Artificial 0.033 0.1993 6 0.0332 
Real, Empty 0.180 0. 1919 6 0.0319 
Alive 0.024 0.2680 6 0.0440 
Real, Empty, 
Shaded - 0.106 0.2220 6 0.0370 
Summed 0.8812 24 0. 1461 
Common - 0.044 0.8987 27 0.3328 
Difference among slopes 0.04 ns 
Total 0.470 7. 79 30 0.259 
Differences among adjusted means 6.90 ••• 
B. Adjusted Means 
Artificial < Real, Empty = Alive < Real, Empty, Shaded 
0.054 0.650 o.1 59 1 .446 
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the treatments was not measured, but was similar in all trays. Thus, 
shading even a relatively simple surface such as hardened glue 
increased the number of worms that settled compared to similar areas 
that were not shaded. 
Discussion 
Gregariousness 
More worms settled on the tubes of live adults than on artificial 
or real, empty tubes in unshaded experimental trays with large 
densities of tubes (after adjusting for surface area in each 
treatment). The larvae of Galeolaria are able to distinguish between 
the stimuli presented by real, empty tubes, and settle in greater 
numbers on tubes containing live adults than on empty tubes. Because 
the amount of spatial complexity is similar in the two treatments, 
larvae appear to be able to differentiate between spatial complexity, 
and spatial complexity with live adults. Gregariousness, ther~fore, is 
one of the mechanisms by which large densities of worms can be 
maintained on the rock platform in areas where live adults live. 
It is important to note, however, that worms did settle on 
artificial and empty tubes, so the presence of adults is not a 
necessary condition for settlement in this species. Settlement of 
laboratory-reared larvae, however, suggests that live adults, or some 
stimuli provided by live adults are necessary for settlement (Marsden 
and Anderson, 1981). In unshaded treatments, there was no difference 
in the mean numbers of worms settling on artificial and empty tubes. 
This result demonstrates the importance of two potential stimuli. 
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First, the chemical composition of the tubes themselves is not 
important in the choice of settlement site. This result is 
corroborated by observations in the field in which worms have settled 
on a variety of natural and artificial substrata. Second, the 
settlement of worms on artificial tubes and real, empty tubes 
demonstrates that complex physical structure alone is sufficient to 
induce some settlement, in the absence of live adults. While the 
numbers of worms settling were less in the absence of live adults, the 
observed settlement lends support to the hypothesis that complex 
physical structures serve to trap and retain larvae from the water 
column. While gregariousness has been demonstrated for this species, 
the behaviour is not mandatory to maintain some level of population 
density on the shore, as long as there are other complex physical 
structures which can trap larvae. 
The effect of physical structure alone on the settlement of larvae 
on hard substrata has rarely been tested rigorously, and may operate 
very differently in laboratory situations. Eckman (1979, 1983) found 
that the presence of tubes in soft-bottom benthos altered the pattern 
of water-flow over the substratum, causing an increase in recruitment. 
It is likely that tubes affect the patterns of water-flow on hard 
substrata in a similar manner. The results presented here demonstrate 
that the presence of tubes on a sandstone plate increased the 
settlement of larvae, regardless of the composition of the tubes. The 
tubes probably reduce water-flow, and provide eddies that concentrate 
larvae, as in soft bottom habitats. Petersen (1984) found that 
although the plantigrades of M.vtilus californianus did not select sites 
for byssal attachment in the laboratory, the highest density of 
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plantigrades in the field were found on red algae. Mussel beds were 
not established until the bare surface had been colonized by algae. 
Straughan (1972) found that the settlement of the brackish water 
serpulid Ficopomatus ushakovi (as Mercierella enigmatica) was greater 
on plates with previously settled worms, but the larger surface area 
and complexity available due to the presence of the live worms was not 
taken into account. In a separate experiment, Straughan (1972) set out 
plates with model (artificial) tubes, real, empty tubes and tubes with 
live, adult Ficopomatus, but did not measure relative surface area of 
the treatments, or indicate the density of tubes. She reports that 
more worms settled on artificial tubes, but re-analysis of her data 
using ANOVA techniques reveals no significant difference among real, 
empty, alive or artificial tube treatments (see Appendix 5). There was 
a difference between artificial tubes and the "control" (clean bakelite 
Plates), as expected, but the relative surface areas of these 
treatments were clearly different. Although it appears from this re-
analysis that Ficopomatus is not necessarily gregarious, no conclusions 
can be drawn because the hypothesis regarding increased surface area 
and surface complexity could not be tested. Straughan's work is unique 
among authors who have tested gregariousness in serpulids, in that it 
included a control for the chemical composition of the worm-tube by 
presenting artificial tubes as a stimulus. Scheltema et al. (1981) 
compared settlement of Hydroides dianthus on bare plates to that on 
Plates containg live adult Hydroides. Such experiments demonstrate an 
affinity of settling larvae for live adults, but did not distinguish 
among the various stimuli to which the larvae may have responded. The 
biological response of larvae to their own species cannot be assumed 
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from the results of experiments that lack appropriate physical 
controls. 
The effect of density of adults 
Larvae responded in a similar manner to experimental treatments at 
large and small densities, that is, the means of the experimental 
treaments were ordered in the same manner. More worms settled on the 
large-density treatments, however, and the differences between the 
treatments were unequivocal. Both the effect of gregariousness and the 
importance of physical structure are more pronounced at large 
densities. That the magnitude of the response differed at large and 
small densities suggests that patterns of settlement will differ in 
proportion to amount of stimuli present. That is, that large densities 
of adult worms are likely to provide a stronger stimulus for settlement 
than small densities. This difference in the adequacy of cues for 
settlement has been shown to affect the distribution of intertidal 
barnacles (Strathmann and Branscomb, 1979). 
High on the shore, density of adults is small, physical complexity 
is relatively less than low on the shore, and worms settling on bare 
rock are likely to be destroyed by grazing gastropods (see Chapter 2 
and 4). These factors combine to cause high-shore populations to be 
less dense and more variable than low-shore populations (Chapters 2A 
and 2B). The opposite conditions apply to larvae settling low on the 
shore. Physical complexity is great, the physical and biological 
stimuli for settlement are strong, and worms settling amongst adults 
are likely to survive. These conditions result in larger, less · 
variable populations low on the shore. 
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The effect of shade 
Shade plays an important role in attracting Galeolaria larvae. 
Clumps of tubes, whether empty or containing live worms provide some 
shaded surfaces in the spaces and recesses between tubes, even when in 
full sunlight. When real, empty tubes are provided with additional 
shade, however, larvae settle in equal numbers to those in treatments 
containing live, unshaded worms. Since empty tubes and tubes 
containing live adults have the same chemical composition and similar 
structural complexity, the stimuli which differ between them (extra 
shade and live worms) were equally effective in attracting larvae. 
Even when surface complexity is not great, the effect of shade is 
important. In unshaded treatments, only one eighth as many worms 
settled on glue between treatments as on glue between treatments of 
shaded trays. The importance of shade as an attractant to settling 
larvae was reinforced in other experiments (see Chapters 3A and 3C). 
This experiment demonstrated that, when complex physical structures are 
present . two equally important factors induce larvae to settle: shade 
and the presence of live worms. 
In summary, three factors appear to be important in determining 
how many Galeolaria larvae settle in an area: amount of surface area 
and complexity, shade, and the presence of live Galeolaria. 
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Chapter 3 
E: Effect of Algae on Early Recruitment 
Introduction 
The green algae, Ulva lactuca and Enteromorpha intestinalis are 
common ephemeral species on rock platforms near Sydney (Underwood, 
1981; Jernakoff, 1983). In the absence of grazing gastropods, green 
algae grCM profusely in early spring (Underwood, 1980). Because these 
two species are often present on the substratum and among the tubes of 
adUlt worms, an experiment was designed to determine whether the 
presence of green algae had an effect on the numbers of young worms 
recruiting to the substratum. Because the green algae Ulva lactuca and 
Enteromorpha intestinalis are common and reliably grow on sandstone 
when grazing gastropods are removed, the effect of these two species on 
the recruitment of Galeolaria larvae was examined. 
Three models may explain the potential interaction between 
settling larvae and green algae: 
1) Larvae are indifferent to the presence of e phemeral algae, and the 
presence of algae does not affect the number of worms settling. 
2) Larvae cannot settle or survive where green algae are present 
because: a) the algae pre-empt the available space on the rock, and 
worm larvae have no space on which to settle; b) larvae settle but 
cannot survive, perhaps they are unable to attach properly or to feed, 
or are otherwise inhibited by the presence of algae; or c) larvae 
settle and attach sucessfUlly, but are overgrown by existing algae, or 
killed by the growth of algae 'tlhich arrive after the worms have settled 
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(Denley and Underwood, 1979). 
3) ~· .tae prefer to settle on the substratum beneath green algae, 
because it provides a physically complex settling surface, retains 
moisture and provides shade. 
This experiment was designed to examine the interaction between algae 
and Galeolaria larvae. 
Materials and Methods 
Location (Fig. 3E.1 and Table 3E.1) 
The experiment was done at three sites at Cape Banks, chosen to 
represent the range of densities of worms found there. At each site, 
the experiment was done at a "high" position on the shore and a "low" 
position directly below it (Table 3E.1). 
E.xperimental Q.esign 
There were four treatments at each site and height to examine the 
effects of algae and fences (Fig. 3E.2). Fences were used to totally 
exclude grazing gastropods from the experimental area, as gastropods 
wander in if fences are not used. 
Both treatments with fences were contained within one fence 
structure which was subdivided into eight areas. Before installation, 
the substratum was cleared of all organisms with a hammer and chisel. 
Fences and internal partitions were constructed of 18 gauge, 6 meshes 
to the inch stainless steel. The areas Enclosed were 15 x 15 em, the 
fence was 4.5 em in height. The structure was screwed to the 
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FIGURE 3E. 1 
Map of Cape Banks. Arrows indicate locations of algae experiment. 
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substratum with stainless steel screws set into rawl plugs in the rock. 
A two-part epoxy glue, Expandacrete UW (Expandite-Rawlplug Aust. Fty. 
Ltd.) was used to seal the fence and internal partitions to the rock. 
This enabled the replicate treatments to remain isolated from each 
other within the single structure. Four areas were randomly chosen to 
remain untouched, allowing green algae to grow in the absence of 
grazing gastropods. The remaining four areas were sprayed with Reglone 
(ICI), a diquat herbicide which inhibits photosynthesis on contact, and 
leaves no residue. Previous pilot tests had shown that Reglone had no 
effect on young worms, or on subsequent settlement of worms on 
sandstone plates treated with the herbicide. The herbicide was most 
effective when applied on a hot, dry day on algae that were not being 
washed by waves. One day after effective application, the algae 
appeared pale and bleached, and disappeared from the rocks shortly 
thereafter. Care was taken to apply the herbicide so that no leakage 
of the chemical occurred between treatments. The herbicide was applied 
after green algae first appeared, and as often as necessary thereafter. 
The "No Fence, ~lith Algae" treatments (Fig. 3E.2) were located on 
isolated boulders near the fences, from which all grazing gastropods 
had been removed. The substratum was cleared before the experiment 
began, and rawl plugs marked the corners of the 15 x 15 em areas. 
Grazing gastropods that migrated to the boulders during the experiment 
were regularly removed by hand. Due to the topography of the shore, 
one such control boulder was 3.5 metres closer to the sea than the 
respective fence (The Point, "high"). 
In order to compare the recruitment of worms on shaded, algal-free 
surfaces with that in other treatments, four sandstone plates ( 8 x 5 
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FIGURE 3E.2 
Experimental design to test the effects of ephemeral algae on 
recruitment of worms. Four of the eight fenced areas (unstippled) were 
treated with a herbicide that prevented algal growth. Algae grew in 
four remaining fenced areas (stippled). To control for fences, plots 
were established on a large isolated boulder from which all gastropods 
had been removed (stippled). Sandstone plates were used to compare 
recruitment in shaded areas with that in well-lit areas. 
Experimental Design 
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FIGURE 3E.2 
TABLE 3E. 1 
Tidal height and mean number<± S.E.) of worms present before 
experiment began at three site at Cape Banks (n = 10 quadrats, each 5 x 
5 cm2) 
Site Tidal height Mean number (± S.E.) of worms 
Control Fences and 
Plates 
Wreck Shore High 1.06 m 1.1 (0. 3) 2.3 (0. 6) 
La.J 0.92 m 21.2 (3.8) 19.7 (3.6) 
Cape Bobbles High 0.95 m 8.2 (2.7) 9.9 (2.0) 
Low 0.82 m 23.9 ( 5.4) 19.8 (2.5) 
The Point High 1.30 m 33.9 (5.8) 21.8 (5. 9) 
Low 0.89 m 35.7 (3.5) 41.8 ( 2.7) 
Table 3E. 2 
Mean number(± S.E.) of worms settling in experimental treatments (Q = 
4 replicate experimental areas, each 15 x 15 cm2; data for plates (8 
x 5 cm2 have been multiplied by 2.07 in order to compare with larger 
areas in other experimental treatments) 
Site No algae Algae Algae No algae 
Fence Fence No fence No fence 
(control) (plate) 
Wreck High 0.8 (0. 8) 1.0 (0.4) o.o ( 0) 43.0 ( 15. 8) 
Shore La.J 1.5 ( 0.6) 8.5 (2.9) 2.5 (0.6) 85.5 (7.8) 
Cape High o.o (0.0) o.o (0. 0) 0.0 (0.0) 75.5 (71.5) 
Bobbles La.J 13.0 ( 4.4) 15.3 (2.8) 3.3 (0.6) 141.8 (51.5) 
The High 8.5 (2.3) 53.5 ( 23 .7) 25.0 (8. 6) 19.3 (4. 4) 
Point La.J 5.3 (1.1) 72.8 (3.5) 16.0 (1.5) 156.3 ( 4.5) 
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em) were installed near the fence at each site and height (see Chapter 
3A for details of plates) . Before installation, the substrata beneath 
the plates were cleared of all organisms. 
The experiment was in place on September 6, 1984 . Final readings 
of data were taken on 9 and 16 January, 1985 (125 - 132 days). 
Analysis of Data 
The mean number of worms recruiting to each treatment was 
calculated. For the "No Algae, No Fence with Shade" treatments, the 
number of worms on the substratum beneath the plate and on the plate 
were summed. As this represented an average surface area of 108.5 cm4 , 
the data for these treatments were multiplied by 2.07 in order to 
equalize surface area available to that in the other treatments. Data 
for The Point "High" were transformed as ln(x+1) and used in an AN OVA 
with factors Height and Treatments. No other sites were analysed due 
to problems outlined below. 
Results 
Algae grew in all areas where Reglone had not been applied, 
although treatments in "high" positions took a few weeks longer to 
achieve 100% cover, as expected (Underwood and Jernakoff, 1984). 
Control plots on isolated boulders grew to approximately 100% cover. 
By 25 Pctober, few worms had recruited to experimental areas. 
Following a period of rain and storms (November 5- 9), algae grew on all 
fenced treatments. Reglone was applied to appropriate treatments, but 
was only effective at The Point site, despite repeated applications at 
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TABLE 3E.3 
2-Factor ANOVA for Number of Worms settling on Algae Experiment at The 
Point. 
Data transformed as ln{x+1) 
ss df F 
Height 2.23 1 2.23 8. 57 
Treatment 23.4 3 7.8 30.0 
Height X Treatment 7.8 3 2.6 10.0 
Residual 6.31 24 0.26 I 
Total 39.7 31 I I 
Results of SNK Tests, ~ < 0.05 (Transformed means) 
High Shore 
No Algae 
Fence 
2.13 
LO« Shore 
No Algae 
Fence 
1.784 
< 
< 
No Algae 
No Fence 
Shade {plates) 
2.91 = 
Algae 
No Fence 
(control) 
2.82 < 
Algae 
No Fence 
(control) 
3.02 < 
Algae 
Fence 
4.29 < 
Algae 
Fence 
3.76 
No Algae 
No Fence 
Shade (plates) 
5.05 
sig 
••• 
••• 
••• 
I 
I 
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other sites. Because of the presence of algae in the "No Algae" fenced 
treatments at other sites, only data from The Point could be analysed. 
For "High Shore" and "Low Shore" treatments, significantly more 
worms settled or survived in fenced treatments with algae, compared to 
fenced treatments without algae (Table 3E.2, 3E.3, SNK tests, Q. < 
0.05). 
In the "High Shore" treatment, the number of worms recruiting to 
control plots and on plates was not significantly different (SNK tests, 
~ > 0.05). More worms recruited to fenced treatments with algae than 
in any other treatment. There was no significant difference in the 
number of worms in control plots and on and under plates (SNK tests, .P_ 
> 0.05). 
All treatments at the "Low Shore" site were significantly 
different from each other (Table 3E.2, 3E.3, SNK tests, Q. < 0.05). 
There were more worms under and on plates (combined) than any other 
treatment; the next largest mean was that for the fenced treatment with 
algae. 
The significant interaction between factors was probably due to 
the inconsistent ranking of the "No Algae, No Fence with Shade" 
(plates) treatment. 
Di scussi.on 
More worms settled or survived in fenced treatments with algae 
than without. This supports the hypothesis that ephemeral green algae 
provide settling larvae with an environment favourable for settlement 
and survival, probably providing a complex, shaded settlement surface 
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which retains moisture. Since no gastropods were present, any 
mortality which may have occurred in other treatments was not due to 
the effect of grazing gastropods (See Chapter 4C). 
Control plots had fewer worms than fenced plots. Since both 
treatments had algae present, this suggests that the presence of fences 
itself enhanced recruitment. This has been demonstrated in another 
experiment (see Chapter 4C). The structure probably reduces the water 
flow across the substratum and helps to trap larvae inside. 
Except in the high areas at The Point, the mean number of worms 
beneath and on plates was greater than in any other treatment. This 
suggests that the shade and availability of cryptic settlement sites 
beneath plates is much more attractive than bare, unshaded sandstone or 
algae, even when a structure such as a fence is present that might 
reduce water-flow and trap larvae. The importance of the larvae's 
preference for dark and cryptic surfaces was demonstrated in locations 
where recruitment was low in experimental plots (Cape Bobbles and Wreck 
Shore). When fences were removed from the substratum after the 
conclusion of the experiment, worms were found to have settled beneath 
the glue used to isolate the treatments from each other. Shade is 
important enough to make the difference between no recruitment (in 
experimental plots) and recruitment (beneath g1 ue), when intensity of 
recruitment is small. 
The experimental design used here was not optimal (see Hurlbert 
( 1984) for a discussion of problems that arise due to lack of spatial 
dispersion). Ideally, each treatment should have been a separate 
structure, and dispersed over more than one "High" and "Low" height at 
each location. Finances and time prevented this, but careful 
100 
Effect of Algae 
application of the herbicide rendered the areas with algae tru ly 
separate from those without at The Point "High". The few areas of bare 
rock within the treatments with algae were due to the occasional 
intrusion of limpets (which were immediately removed), not the leakage 
of herbicide between treatments. 
This experiment demonstrated that worms readily settled on areas 
covered with green algae. Algae are not a prerequisite for settlement, 
but probably provide shade, physical complexity and retain moisture, 
all conditions that encourage the settlement or survival Galeolaria 
larvae. The greater recruitment in the presence of emphemeral algae 
further suggests that larvae of Galeolaria are able to utilize 
substrata covered with ephemeral algae, while the larvae of potential 
competitors for space, such as the branacle Tesseropora rosea, will not 
settle amongst algae (Denley and Underwood, 1979). Hence, Galeolaria 
may compete successfully with barnacles in the worm zone in part by 
occupying space that barnacles avoid. 
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Chapter 4 
A: Growth of Worms 
Introduction 
The rate at which young worms grow could be an important factor in 
determining the total amount of space they occupy, and in determining 
c. 
the outcome of competitive and other intera.tions on the rock platform. 
Interactions of potential importance to Galeolaria include competition 
for primary space with barnacles, algae and other sessile organisms, 
and overgrowth of sessile organisms. Denley and Underwood ( 1979) found 
that Galeolaria overgrew the newly-settled spat of Tesseropora r..~ 
and Tetraclitella purpurascens. As there are no estimates available in 
the literature for growth rates of Galeolaria, I recorded growth rates 
of newly-settled wonns and the rate at which adults add material to 
their tubes. 
Material and Methods 
A. Growth of newly-settled worms 
1 . Length of Tube 
The first tubes laid down by newly-settled worms are thin, fragile 
and not well calcified. As worms grow, the portion of the tube near 
the original point of attachment can be quickly eroded away. Without 
knowledge of the original point of attachment, estimates of tube-length 
for worms more than two weeks old would be underestimates of the true 
length. This error would lead to underestimates of the true rates of 
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growth of young worms. To determine accurately the length of the tube 
fran its origin, a clear perspex "table" was placed over the plate on 
which worms had settled, close enough to minimize problems of parallax 
but not close enough to crush the tubes. A piece of clear plastic film 
was placed over the perspex "table", and the worms were traced with 
fine-line, coloured, water-proof pens. All worms present on any one 
date were marked with the same colour pen, and a single film was used 
for one plate, creating a trace through time of the length and 
direction of growth. As the worms did not generally grow in straight 
paths, the length of each growth increment was determined by tracing 
the line on a digitizing pad connected to a Ccmmodore ccmputer. The 
limit of the resolution of the pad was 0.05 em. 
2. Diameter of Tube at Opening 
A portable field microscope fitted with an ocular micrometer 
("Peak" brand, 20x eyepeice, resolution 0.05 rom) was used to determine 
the width of the tube at the opening. Because the tubes of young worms 
were generally thin, the outside diameter of the tube was measured. 
The length of the tube was measured as described above. Diameters and 
lengths were measured for worms settling in the 1984-1985 settlement 
season. Data were collected fran three plates at four sites where 
settlement of worms was monitored (see Chapter 3A for details of 
location, tidal height and water temperature). 
3. Growth of Worms in the First Year 
In order to determine whether newly-settled worms became 
reproductively mature within the first year, worms of known age were 
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collected fran plates that had been monitored since late August, 1983. 
The worms had settled in spring and summer (1983-1984) and were 
collected on 10 and 24 August, 1984. The diameter of the opening of 
the tube was recorded, the worms removed from the tube and reproductive 
status recorded. Worms were scored as male or female if eggs or sperm 
were observed within the abdominal cavity or being shed. Worms that 
had no gametes were scored "Not Reproductive". 
To determine whether worms settling late in the season had become 
reproductively mature by the following spring, a second group of worms 
was collected. These settled after 17 January and 5 February 1984 ,and 
were collected on 10 and 24 August, 1984 and examined as above. 
Like most serpulids, Galeolaria settles and begins to metamorphose 
at the "three-setiger" stage (Marsden and Anderson, 1 981). Within the 
first month after settlement the worm develops the seven segments that 
form the thorax. Subsequent growth is accomplished by the addition of 
abdominal segments at the posterior end of the worm. 
B. Growth of Adult Worms 
To determine the rate of growth of the tubes of adult worms on the 
rock platform, the amount of tube added on a monthly basis was 
measured. A quick-drying, non-toxic brightly coloured glue was applied 
to the white area of the tube where the worm actively deposits calcium. 
One or two months after the application of the glue, the length of the 
tube deposited after the application of glue was measured using field 
calipers. This procedure was done for a random assortment of worms on 
a flat area of rock beginning in March, May and August, 1984. 
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TABLE 4A. 1 
Growth rates for various time periods for young worms settling in 1983 
- 1984 
Date of Period of Number Mean n Growth Rate Av. 
first growth of days Size (c.tr~') for period Water 
record (days) in period (~ S.E.) (em/day) Temp. 
(OC) 
Oct. 9 Oct. 9 to Oct. 18 L. 9 0.385 (.03) 20 0.038 16.5 
Oct. 9 Oct. 18 to Nov. 17 30 0.780 (.07) 15 0.026 17.7 
Oct. 9 Nov. 17 to Jan. 3 47 0.838 ( .06) 18 0.018 19.7 
Oct. 9 Jan. 26 to Aug. 24 210 1 .501 ( .27) 10 0.007 17.0 
Oct. 18 Oct. 9 to Oct. 18 < 9 0. 176 (.02) 15 0.022 16.5 
Oct. 18 Oct. 18toNov17 30 o. 780 (.07) 15 0.026 17-7 
Oct. 18 Nov. 17 to Jan. 3 47 1 .043 (. 19) 15 0.022 19.7 
Oct. 18 Jan. 26 to Aug. 23 210 1.462 ( .28) 15 0.007 17 .o 
Nov. 17 Nov. 17 to Nov. 30 13 0.691 ( .08) 15 0.053 19.8 
Nov. 17 Nov. 30 to Jan. 26 70 1 .340 (. 13) 16 0.019 20.2 
Nov. 17 Jan. 26 to Aug. 24 210 1.438 (.22) 11 0.007 17.5 
Dec. 2 Dec. 2 to Jan. 3 31 1 .063 (. 12) 10 0.034 19.6 
Dec. 2 Jan. 3 to Jan. 26 23 0.913 ( .09) 10 0.039 21.0 
Dec. 2 Jan. 26 to Aug. 10 196 1 .434 (.32) 8 0.007 17-5 
Jan. 3 Jan. 3 to Jan. 26 23 1.194 (. 1 5) 5 0.052 21.0 
Jan. 3 Jan. 26 to Aug 10 196 1 .554 (.93) 2 0.008 17-5 
TABLE 4A. 2 
Rates of growth of tubes of adult worms, 1984. 
Date of Date Growth Number of Mean Length Rate of Tube n 
Marking Recorded days in of tube added Growth 
Period (mm, .± s.E.) (mmlday, .± s. E.) 
14 March 15 May 62 3-36 (0.34) 0.054 (0.018) 18 
28 May 24 August 86 3.21 (0.15) 0.037 ( 0.004) 40 
28 August 23 October 59 2.19 (0.09) 0.037 (0.002) 40 
A. Growth of newly-settled worms 
1. Length of Tubes 
Results 
GrCMth 
It was not possible to see or trace newly-settled worms without 
the aid of the microscope until they had reached a length of 
approximately 1.0 mm long and 0.2 mm width. Because the size of worms 
at settlement varies (pers. obs.), it was not possible to determine the 
post-settlement age of newly-settled worms. The first observations of 
settlement were recorded on October 9, 1985, which was arbitrarily 
designated as Day 1. Rates of growth for young worms at least 30 days 
old were approximately 0.02 em/day for the month of October. A faster 
rate of grCMth in the first month was seen in November, December and 
January, probably reflecting the generally higher water temperatures in 
those months. The rate of growth in the first half of the first month 
was slightly faster than that for the subsequent month. Growth rates 
declined after the first two months, and were very low from late summer 
through winter to the following spring (app. 0.007 cm/day)(Table 4A.1). 
2. Diameter of Tube at Opening 
The diameter of the tube at first observation ranged from 0.1 to 
0.25 mm. This corresponded to a tube length of 0.05 em to 0.1 em. The 
relationship between tube diameter and length of tube (Figure 4A.1) 
fits the linear equation: Diameter of opening = 0.12 + 0.74 (length of 
tube) (r = 0.88, ..!! = 21 0). The characteristic dorsal keel began to 
develop when tubes were approximately 0.65 mm in diameter and 0.65 em 
long. The average age of worms developing a keel was 33 days. 
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Figure 4A.l. Diameter of openeing (mm) regressed on length (em) 
of tube for young worms (E_ "" 200) • 
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TABLE 4A. 3 
Size, reproductive status and age of worms settling in spring and early 
summer, 1983 (I = not determined) 
Date Settlement 
First Recorded 
17 November 
18 October 
18 October 
18 October 
9 October 
2 December 
2 December 
18 October 
18 October 
2 December 
2 December 
2 December 
2 December 
2 December 
2 December 
2 December 
2 December 
20 November 
20 November 
2 December 
19 October 
2 December 
19 OCtober 
Diameter of 
Tube Opening 
(mm) 
2.15 
3-35 
2.95 
2.70 
2.29 
2.55 
1.40 
2.50 
2-33 
1. 75 
2.50 
1.80 
2.25 
1.85 
2.80 
2.65 
2.30 
3-05 
1.60 
2.50 
2.00 
1.95 
1.30 
.!! = 23 : 9 male, 8 female 
Number of 
Abdaninal 
SeSJDents 
63 
81 
73 
64 
59 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Reproductive 
Status (NR = 
not reproductive) 
male 
male 
male 
NR 
female 
male 
NR 
female 
male 
female 
male 
female 
NR 
NR 
female 
female 
male 
male 
NR 
female 
male 
female 
NR 
Age 
(days) 
280 
310 
310 
310 
319 
282 
282 
296 
296 
282 
282 
282 
282 
282 
282 
282 
282 
269 
269 
282 
297 
282 
297 
Reproductive status of worms settled before 1 and 2 November, 1982, and 
sampled 9 August, 1983. 
~ = 31 : 8 male, 11 female, 12 not reproductive 
TABLE -4 A. -4 
Size and reproductive status of worms settling after 17 January, 198-4 
Length of Tube Diameter of Ntm~ber of Reproductive Status 
Tube 0 pe ning Abdominal (NR = not reproductive) 
(em) (mm) Se@llents 
2.66 2.35 56 NR 
1.86 1.85 42 NR 
2.79 2.90 60 NR 
1.88 2.05 48 NR 
1.71 2.10 66 NR 
2.66 2.05 74 NR 
1. 83 1. 90 63 NR 
2.15 2.10 54 NR 
2.09 1.55 62 NR 
2.72 2.45 83 NR 
2. 21 2.20 56 NR 
2.31! 2. 35 11 NR 
2.01 2.00 30 NR 
2.15 1.75 58 NR 
3.18 3.05 78 female 
4.-43 2.90 84 NR 
2. 87 2. 90 75 NR 
1.75 2.25 40 NR 
2.79 2.25 54 NR 
2.72 2.25 63 male 
1.84 2.35 48 NR 
3.23 3.15 67 female 
n = 22, 1 male, 2 females 
TABLE 4A.5 
Ccmparison of number of abdcminal segments in three groups of worms 
Group A = Unfertile worms, less than 205 days old, settled late in 
summer 
Group B = Fertile worms, 280-319 days old, settled in spring and early 
Sllllmer 
Group C = Fertile females of unknown age 
Mean Number (± S. E. ) n 
Group A 60.8 (3. 03) 22 
Group B 68.0 (3.97) 5 
Group C 79.0 (2.38) 22 
.1 for A-C comparison 4.68, df = 40, 1! < 0.05 
.1 for B-C comparison 2.20, df = 26, 1! > 0.05 
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3. Growth of Worms within the First Year 
\-lorms settling early in the 1983 season were generally fertile by the 
following spring (Table 4A.3), with an even distribution of male and 
female worms. Worms settling late in the 1983 season were generally 
not fertile (Table 4A. 4). Compared to a randan sample of fertile 
females of unknown age, the number of abdominal segments in the early 
group was not significantly different (~ = 2.02, df = 26, ~ > 0.05). 
Canpared to the same group of fertile females of unknown age, the group 
of late settlers had significantly fewer abdominal segments (~ = 4.68, 
df = 40, ~ < 0.05)(Table 4A.5). 
B. Growth of Tubes of Adult worms 
During late summer and autumn (March to May), adult worms added a 
mean of 0.054 em of tube per day (Table 4A.2). In contrast, during the 
winter months (May to August) and early spring (August to October) the 
rate of tube material added per day declined to 0.037 em per day (Table 
4A.2). 
Discussion 
In general, young Galeolaria grow quickly, to a length of almost 1 
em in the first month. This rate is slightly faster if the worms 
settle later in the year, when water temperatures are higher. Such 
rates of growth imply that in a year when many worms settle, they have 
the ability to dominate primary space quickly. In years when the peak 
settlement of worms precedes the peak settlement of barnacles, in 
particular the barnacle Tesseropora rosea, the worms may pre-empt the 
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settlement of barnacles in the Galeolaria zone by occupying most of the 
primary substratum on which Tesseropora prefers to settle (Denley and 
Underwood, 1979). 
Young worms grOt/ more slowly through the winter and spring months 
when water temperatures are at a minimum. The over-winter rates 
presents here began in late January, but it is likely that summer 
growth rates are maintained until water temperature begins to drop in 
March and April. Kleckner (1978) found that Pomatoceros trigueter grew 
more quickly in shallow water, probably due to warmer water temperature 
there. 
The rates of gr0t1th recorded here are in close agreement with 
those found for Ficopomatus uschakovi (as M.enigmatica) in the Brisbane 
River at a temperature range of 16-23°C (Straughan, 1972). The 
maximum water temperature in the Brisbane River is higher than that 
near Sydney (27°C c.f. 23°C), and Ficopomatus grew more quickly at 
the hiSher temperatures, as expected. Galeolaria appear to grow more 
slowly than a local "fouling" serpulid. Moran and Grant ( 1984) 
recorded rates of 0.06 to 0.03 em per day during the first six weeks in 
&droides elesans in Wollongong Harbour and 0.08 to 0.14 em per day in 
the polluted waters of Port Kembla Harbour. These rates, measured in 
January and February, were faster than those recorded for newly-settled 
G?leolaria in the same months (Table 4A.2). 
Worms that settled in spring and early summer were fertile by the 
following spring, but had few gametes. They probably do not spawn 
early in the season, but may have accumulated enough gametes by the end 
of the summer to contribute to a late spawn. Worms that settled late 
in the summer were not generally fertile by the following spring, 
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suggesting that they may not spawn until their second spring. These 
differences in the times required to reach reproductive maturity 
suggest that a certain amount of asynchrony occurs in the spawning of 
this species. Based on these data, multiple spawning events that 
extend from early spring to late summer may be expected. The time 
required to reach maturity in Galeolaria is much greater than that for 
£. uschakovi in the Brisbane River (Straughan, 1972). There, worms may 
reach maturity in six to eight weeks, and multiple spawning events were 
recorded for worms less than one year old (Straughan, 1972). 
Worms continued to add material to the anterior end of the tube as 
adults. The rate of deposition was slow compared to initial rates of 
tube growth, approximately 1.6 mm per month. Tube deposition was 
slower again during the winter and spring months when water 
temperatures were low ( 1.1 mm per month). Even these relatively slow 
rates of deposition would enable worms to repair damage to tubes, 
whenever it occurred. Foyn and Gjoen (1953) found that Pomatoceros 
triqueter added material continually to their tubes, but secretions 
were minimal in winter months. 
It appears that Galeolaria is able to effectively compete for 
space with other sessile organisms, in particular with barnacles, in 
the spring and summer months when the rate of growth of worms is fast. 
They are able, by virtue of rapid growth in their first few months to 
dominate available space and overgrow other organisms, particularly 
within the Galeolaria zone, pre-empting the dominance of barnacles in 
that zone. 
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Chapter 4 
B: Magnitude of Recruitment 
Introduction 
This chapter deals briefly with several aspects of recruitment. 
Recruits are more than one month old and have developed a dorsal keel 
on their tubes. 
Non-quantitative observations by Guiler (1953, 1965) suggested 
that 1 ow-shore rocks cleared of worms by storms had a well developed 
band of worms within two years and were "obviously on the way to 
becoming a thick mass of tubes". Here I quantify the recovery of bare 
patches in the worm zone in two ways. I made artificial clearings of 
different sizes on rocks with different aspects and recorded the number 
of recruits that arrived. I then focused on the early stages of 
recovery by monitoring the number of recruits settling on sandstone 
plates and their early survival. These data lllay help elucidate which 
of the following processes allow Galeolaria to dominate space in the 
lower mid-shore zone: high rates of settlement, high rates of early 
recruitment, or quick growth rates. I also examined recruitment in 
tide pools in the barnacle zone. 
Materials and Methods 
A. Plates 
As described in Chapter 3, worms settled mainly on the underside 
of sandstone plates. In 1982, plates (8 x 5 em) were installed at Site 
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20 and Site 22 (see Fig . 2A . 1) , and remained in place (with periodic 
removal to record numbers of worms) until used in an experiment which 
began on 18 November (Chapter 4D). Worms were mapped on plastic 
overlays and this provided an estimate of the magnitude of recruitment 
in the early part of the 1982 settling season. 
In 1983 three plates were installed at each of the four sites 
where settlement was being recorded. Sites A and B were near Site 20, 
Sites C and D were near Site 22 (see Figs. 2A. 1 and 3A.1). The plates 
were left in place for the duration of the settlement season, and 
removed periodically to count and map the worms. The cumulative number 
of worms was compared to the number present at the end of the 
settlement season (January 26, 1983) to estimate early survival of 
worms in the first few months after settlement. In 1984, data were 
recorded from plates (as in 1983), but were only sampled for the first 
month after settlement. 
B. Clearings 
On Nay 19, 1982, clearings of three sizes (30 x 30, 15 x 15, and 5 
x 5 em) were made on three rocks with different aspects: vertical, 
horizontal and sloping. The numbers of worms settling on these rocks 
provided an estimate of the magnitude of recruitment in patches of 
different sizes . Although Gu.iler (1965) reported that in Tasmania bare 
rocks was recolonized within two years, the time required at Cape Banks 
for recoloniztion by worms was unknown. Because I did not want my 
clearings to significantly reduce the local abundance of worms (or to 
destabilize great areas of worms), I cleared only one each of the 
larger size patches (30 x 30 and 15 x 15 em) on three rocks with 
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TABLE 4B. 1 
Mean number <± S.E.) of worms recruiting on plates and on the 
substratum beneath plates in 1982-1984. Results of 1-Factor ANOVA 
testing difference between number of worms on plates vs. number on 
substrata is indicated in sig column c• = ~ < 0.05, •• = ~ < 0.01, • •• 
=It< 0.001, ns = It> 0.05) 
1982 Site Date Mean Number n Mean Number n sig 
on Plates on Substrata 
(± S. E ) (.± S.E.) 
20 17 Sep. 3-5 (0.9) 15 not recorded 
15 Nov. 114.8(16.4) 13 63.4 (5.6) 9 • 
22 29 Sep. 10.4 (4.4) 8 3.3 (1.1) 8 ns 
14 Oct. 44.5 (4.3) 11 18.3 (3.5) 8 • 
3 Nov. 87.3 (8.7) 12 46.8 (7.5) 17 ••• 
15 Nov. 117.6(11.6) 9 49.4 (8.4) 7 • •• 
1983 20 19 Sep. o.o ( o.o) 6 1.3 (1.0) 6 ns 
18 Oct. 40.7 (6. 7) 6 26.5 ( 4. 5) 6 ns 
22 Nov. 62.0 (6.2) 6 44.8 (7.4) 6 ns 
2 Dec. 64.3 (6.6) 6 51.0(16.3) 3 ns 
3 Jan. 66.7(12.0) 3 46.0 (3.5) 3 ns 
26 Jan. 64.0 (7.7) 5 46.8 (2. 6) 4 ns 
22 19 Sep. o.o (0.0) 6 0.0 ( 0.0) 6 ns 
9 Oct. 6.2 (1.6) 6 7.0 (2 .1) 6 ns 
18 Oct. 22.8 (6.8) 6 16.7 ( 2.8) 6 ns 
16 Nov. 47.3(11.5) 6 40.8 (9. 2) 4 ns 
2 Dec. 53.0(12.7) 6 35.2 (7.6) 6 ns 
3 Jan. 55.5(13.5) 6 35.8 (7.8) 6 ns 
26 Jan. 59.0( 16.3) 5 not recorded 
1984 20 8 Oct. 11. 8 ( 4. 2) 6 not recorded 
22 Oct. 11.6 (4.8) 5 II 
19 Nov. 34.2 (6.9) 6 II 
22 8 Oct. 5.3 (1.0) 6 n 
22 Oct. 7. 5 ( 1. 5) 6 
" 19 Nov. 25.6 (3.2) 5 n 
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different aspects. Because the larger patches were not replicated, the 
results only indicate the rate of recovery of worms at the particular 
location where the clearings were made. 
On August 18, 1982, four 10 x 10 em areas on each of three rocks 
(each with a different aspect) were cleared to provide an estimate of 
the magnitude of recruitment on rocks with different aspects. The 
areas were cleared on separate rocks with vertical, horizontal and 
sloping aspects. 
C. Recruitment into pools 
The numbers of adult and juvenile worms were recorded in seven 
naturally occurring pools located in the barnacle zone along the Wreck 
Shore (see Fig. 2A.1) in December 1982 and again in September, October 
and November 1984. 
Results 
A. Plates 
The mean numbers of worms on plates and on the substratum beneath 
the Plates are given in Table 4B.1. In general, the numbers of worms 
increased as the settling season progressed. More worms recruited to 
Plates compared to the substratum beneath plates for three out of four 
samples in 1982, but no significant difference was detected for 1983 
(ANOVAs, .12.. = 0.05, Table 4B.1). Hore worms recruited in 1982 than in 
1983 and 1984, indicating that settlement was intense in 1982. 
In 1983-1984, 72% of worms settling on plates survived to the end 
of January 1984 (Table 4B.2A). In 1984, 89% of worms that had settled 
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TABLE 4B.2 
A. Survival of worms in the first three months after settlement. 
Cumulative number of worms settled on plates and on the substratum 
beneath plates between 19 September, 1983 and 3 January, 1984, and % 
survival to 26 January, 1984. 
Plates Substrata 
Site Cumulative Number % Survival Cumulative Number % Survival 
20 43 90.7 47 57.4 
85 61.2 52 80.7 
76 65.8 42 83.3 
78 70.5 44 52.3 
65 60.0 82 62.2 
51 68.6 27 63.0 
22 91 78.0 57 71.9 
103 62. 1 62 64.5 
43 81.4 29 75.8 
33 87.8 21 90.5 
49 53.1 20 90.0 
19 89.5 22 77-3 
Mean Survival = 72.4% (.± 2.5) 
B. Early surv iva! of worms on plates in 1984. 
Cumulative Number % Survival Cumulative Number % Survival 
8 October to 22 October, 1984 22 October to 19 November, 1984 
Site 
20 1 50 7 100 
4 100 26 100 
15 92 34 100 
lost 37 new plate 
10 75 57 80 
28 87 44 96 
22 7 88 31 86 
14 100 lost 
3 100 22 100 
6 88 35 100 
7 100 22 100 
8 100 18 100 
Mean % Surv iva! = 89% (.± 4. 6) Mean % Survival = 96.2% (.± 2.3) 
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by 8 October were alive fourteen days later (Table 4B.2B). Ninety-two 
percent of worms that had settled by 22 October survived for 42 days 
( 19 November). This indicates that survival of early recruits in the 
first two months after settlement is great. 
B. Clearings 
As expected, worms recruited into all cleared patches. The 
smallest patches recovered more quickly than larger fatches. By 15 
December, the 5 x 5 em patches had a mean density of worms of 1.14, 
while the 15 x 15 em patches had a density of 0.84 worms per em, and 
the largest patches had 0.78 worms per em (Table 4B.3A). There was a 
trend of greater numbers of worms on vertical patches than on 
horizontal or sloping patches (Table 4B.3A). 
There was no significant difference in the numbers of worms 
settling on rocks with different aspects on 10 x 10 em patches in 
November 1982 (ANOVA, ~ > 0.05, Table 4B.3B), but by December the total 
number of '1-rorms that had settled and survived on rocks with vertical 
aspects was significantly greater than that on rocks with horizontal or 
sloping faces (ANOVA, SNK tests, _p = 0.05, Table 4B.3B) . All cleared 
areas had approximately 100% cover of worms by March, 1983. 
C. Recruitment in pools 
As expected from the pattern of early recruitment described in 
Chapter 3B, the magnitude of recruitment into tide pools in the 
barnacle zone was smaller than that in cleared areas in the Galeolaria 
zone. Many more juveniles were present in pools in 1982 than in 1984. 
In all pools, the total number of worms was smaller in 1984 than in 
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TABLE 4B.3 
A. Mean number and mean density(~ S.E.) of worms recruited to cleared 
patches on rocks with three different aspects. Patches cleared 19 May, 
1982. 
30 X 30 em Patches 
Date n 
23 July 3 
18 August 3 
16 November 3 
15 December 3 
15 X 15 em Patches 
23 July 
18 August 
16 November 
15 December 
3 
3 
3 
3 
5 x 5 em Patches 
23 July 
18 August 
16 November 
15 December 
9 
9 
9 
9 
Mean Number 
4.3 (1.7) 
2.6 (1.5) 
423.0 (297) 
703.0 (195) 
2.3 ( 1.3) 
2.6 (0.3) 
57.6 ( 20.8) 
190.0 ( 12) 
0.2 (0.1) 
0.2 (0.1) 
8.3 (1.9) 
28.4 (7 .3) 
Mean Number per cm2 
0.005 
0.003 
0. 47 
o. 78 
0.010 
0.012 
0.26 
0.84 
0.008 
0.008 
0.33 
1.14 
Trend of numbers of worms on rocks of different aspects: 
Horizontal = Sloping < Vertical 
TABLE 4B.3 (con't) 
B. Mean numbers (~ S.E.) of worms recruited to cleared 10 x 10 em 
patches on rocks of different aspects. Patches cleared 18 Aug., 1982. 
(~ = 4) 
Vertical 
Horizontal 
Sloping 
85.8 ( 40. 7) 
15.3 (5.0) 
27.3 (5. 2) 
16 November 15 December 
95.0 (32.2) 
22.3 (30.9) 
30.3 (1.3) 
ResUlts of One Factor ANOVA for 16 November (data transformed as ln(x)) 
Aspect 
Residual 
Total 
ss 
4.68 
7.98 
12.67 
df 
2 
9 
11 
MS 
2.34 
0.88 
I 
F 
2.64 
I 
I 
sig 
ns 
I 
I 
Results of One Factor ANOVA for 15 December (data transformed as ln(x)) 
Aspect 
Residual 
Total 
ss 
3. 41 
2.27 
5.68 
df 
2 
9 
11 
Results of SNK tests (.£ = 0 .05) 
MS 
1. 70 
0.25 
I 
Horizontal = Sloping < Vertical 
F 
6. 76 
I 
I 
sig 
••• 
I 
I 
TABLE 4B. 4 
Summary of recruitment of worms in pools in the barnacle zone, 1982 and 
1984. 
Location Size Date Number Number Total Number 
of of of per 
Pool Adults Juveniles cm2 
Site 5 50 X 40 X 3.5 em Dec, 1 982 92 98 190 0.10 
10 Sept., 1984 89 10 99 0.05 
(Tidal height 25 Oct. , 1984 91 12 103 0.05 
1 .2 m) 21 Nov. , 1984 97 5 102 0.05 
Site 7 13 X 10 X 3.5 em Dec, 1 982 15 14 29 0.22 
10 Sept., 1984 12 4 16 0.12 
(Tidal height 25 Oct., 1984 11 7 18 0.14 
1.9 m) 21 Nov., 1984 15 3 18 0.14 
9 X 12 X 3.5 em Dec, 1982 15 10 25 0.23 
10 Sept., 1984 12 0 12 0. 11 
25 Oct. , 1984 11 5 15 0.14 
21 Nov., 1984 13 4 17 0. 16 
18 X 9 X 4 em Dec, 1982 26 17 43 0.27 
10 Sept., 1984 3 9 12 0. 07 
25 Oct., 1984 7 8 15 0.09 
21 Nov., 1984 14 4 18 0. 11 
Site 9 30 X 17 X 1 em Dec, 1 982 34 7 41 0.08 
10 Sept., 1984 18 2 20 0.04 
(Tidal height 25 Oct., 1984 22 6 28 0.05 
1 .9 m) 21 Nov., 1984 20 1 21 0.04 
15 X 11 x 1 em Dec, 1982 55 63 118 0.72 
10 Sept., 1984 40 9 49 0.30 
25 Oct., 1984 40 15 55 0.33 
21 Nov., 1984 41 6 47 0.28 
33 x 18 x 0.5 em Dec, 1982 229 162 391 0.66 
10 Sept., 1984 143 36 179 0.30 
25 Oct., 1984 162 57 219 0.37 
21 Nov. , 1984 179 33 212 0.36 
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1982. 
Discussion 
(r~t~ ltB.Lt) 
Several factors point to intense settlement of worms in 198,( The 
number of worms settled on plates was greater than in 1983, and greater 
than on plates in 1984, although the comparison was made only until 
November (when the 1982 plates were used in another experiment). 
Cleared patches received large numbers of recruits by December, which 
led to 100% cover of the cleared areas by March, 1983. That 1982 was a 
good year for settlement and recruitment was supported by the greater 
numbers of juveniles recorded at most sites at Cape Banks that year 
(see Chapters 2B and 2D). It appears that after a period of intense 
settlement, worms can quickly occupy large patches (30 x 30 em). Also, 
more juveniles were recorded in pools in 1982 than in 1984. 
It was demonstrated in Chapter 2B that during peak settlement, 
more worms settled on plates attached to vertical surfaces, although 
not significantly more tban settled on horizontal surfaces. The 
results here corroborate that finding. Early in the season there was 
no significant difference in the numbers of worms recruited to rocks 
with different aspects. Later in the season, however, more worms were 
present on vertical surfaces, suggesting that recruitment may be 
greater on vertical surfaces. The reasons for this are not known, but 
there are several possibilities. The vertical surfaces may receive, on 
average, less sunlight, and worms settled there may suffer less 
desiccation than worms on horizontal surfaces. There is no evidence 
that damage by grazing gastropods differed on the two types of 
surfaces. 
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The undersides of plates appear to be more attractive to larvae 
than cleared areas among adult worms. Plates were installed at Site 22 
on August 19, 1982, and 10 x 10 em areas were cleared on August 18. By 
November 15-16, the mean number of worms on plates (multiplied by 2.5 
to compare with 10 x 10 em areas) was 288.8, whereas the mean number on 
cleared areas (10 x 10 em) was 42.8. In both cases, the number of 
worms were counted without the aid of the field microscope. 
Unfortunately, plates in 1982 were used in another experiment (Chapter 
4D), so the comparison later in the season could not be made. It 
appears then, that worms settle on the underside of plates several 
weeks before they settle on cleared patches on the rock. This 
"delayed" settlement on cleared patches was first noted here, and later 
corroborated during the algae experiment (Chapter 3E) when recruits 
were not seen on cleared patches until well after the peak of 
settlement on plates that year (22 October to 20 November). Perhaps 
the cleared areas are not as effective at "trapping" the larvae as 
Plates, or the cleared areas did not provide shade that larvae seem to 
prefer. Grazing gastropods cannot be responsible for the difference 
because they were excluded from some treatments in the algae experiment 
(Chapter 3E). 
Worms recruited in pools in the barnacle zone during an intense 
settlement season, but two years later the total numbers of worms in 
pools had decreased. This indicates that juveniles and/or adults 
suffered great mortality between 1982 and 1983. Pools generally 
contained a vari~y of gastropods, which may be one source of 
mortality. It is possible that some pools dried out during hot summer 
days, although this was not observed. Worms in pools may be exposed to 
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greater salinity during the summer months and may have less food than 
worms lower on the shore. Whatever the sources of mortality in pools, 
it appears that the abundance of worms in pools did not increase as a 
result of an intense season of recruitment. 
The data presented here indicate that low-shore areas are likely 
to be recolonized with worms, perhaps within as little as one year. 
The clearings were made, however, in a year when settlement appeared to 
be intense and before the settlement season began. Patches made after 
the end of the settlement season may take longer to recover, especially 
if larger gastropods that display homing behaviour (i.e. Cellana) 
invade the cleared patch. It appears that quick recolonization of 
patches is made possible by the combination of intense settlement, a 
high survival rate of young recruits and rapid growth rates (see 
Chapter 4A). 
114 
Effect of Grazing Gastropods 
Chapter 4 
C: Effect of Grazing Gastropods on Survival of 'Horms 
Introduction 
In January, 1983, an experiment was done to investigate the 
effects of grazing gastropods on young worms. The work was presented 
at the first International Polychaete Conference held at The Australian 
Museum in July, 1983. The paper was publiShed in the proceedings of 
the Neeting, and is included here as Appendix 6. It is briefly 
summarized below. 
Summary 
Local studies have shown that the abundant limpet, Cellana 
tramoseric~ Sowerby, affects the survival of newly-settled barnacle 
cyprids (Underwood et al., 1983). Since newly-settled worms are in the 
same size-range as barnacle cyprids, they might be affected similarly 
by the activities of grazing gastropods. An experiment was done to 
investigate the effect of grazing gastropods on newly-settled 
tubewonns. 
The experiment was done near Site 19 (see Fig. 2A.1) on a level 
area of platform where patches of worms share the rock surface with a 
variety of grazing gastropods. Cages used to exclude or include 
gastropods were of stainless steel mesh, 4.5 em high, and covered 20 x 
20 em plots. The experiment consisted of four treatments: 1) Control 
(n, = 5), 20 x 20 em plots marked at corners and 1 eft untouched; 2) Cage 
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Controls (Q = 9), partial cages (two sides removed) that allowed free 
movement of gastropods through the cage and over plots; 3) Inclusion of 
gastropods <n = 9), trapped existing gastropods inside cages- no 
animals were removed or added; 4) Exclusion of gastropods <n = 10), all 
gastropods were removed before the cases were installed. 
All plots were photographed prior to installation of cages (25 
January, 1983), and again at the end of the experiment (22 April, 
1983). Two types of data were recorded: the survival of young worms 
already present in plots, and the number of recruits that arrived 
during the experiment. These data were recorded separately for areas 
without worms ("bare rock") and for patches of worm tubes. 
Survivorship 
No effect of cages was detected. The survival of worms on bare 
rock was significantly greater where gastropods were excluded than in 
other treatments. This decrease in survival was not observed for young 
worms settling among tubes of adults. 
Recruitment 
Cases caused an increase in recruitment of young worms on bare 
rock, but not in patches amongst adult worms. More worms settled and 
survived on bare rock where gastropods were excluded (Fig. 4C.1, 4C.2), 
but gastropods had no effect on young worms recruiting to aggregations 
of adults. 
The crevices and spaces between the tubes of adult worms probably 
provided shelter from physical disturbance caused by the presence of 
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FIGURE 4C.1 
A 20 x 20 em plot before excluding gastropods and installing cage. 
FIGURE 4C. 2 
The same plot, three months after gastropods had been excluded. Note 
small white tubes of young worms. 

Effect of Grazing Gastropods 
grazing gastropods. In general, only small limpets and chitons were 
seen moving across patches of worms; larger limpets such as Cellana 
were restricted to patches of bare rock. Similarly, Cellana avoids 
moving over areas with many barnacles (Tetraclitella purpurascens 
Underwood, pers. comm.). Thus young worms settling within patches of 
adults are likely to experience a greater rate of survival than those 
settling on bare rock where gastropods are present, because they escape 
the disturbances caused by the grazres. 
Grazing gastropods have the potential to limit the spread and 
amalgamation of patches of worms. An increase in the size of patches 
of worms is more likely to occur by the settlement and growth of worms 
at the edges of patches, rather than the colonization of bare rock. 
Thus, the detrimental effects of grazing gastropods on young worms and 
the lower level of recruitment of worms in the barnacle zone are two of 
the factors that restrict the upward movement of the Galeolaria "band". 
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Chapter 4 
D: Potential Effect of Desiccation 
Introduction 
In Chapter 3B it was shown that few worms settled in the barnacle 
zone even though settlement intensity was great lower on the shore. 
The few newly-settled worms present in the barnacle zone were 
restricted to small pools or areas that received run-off or backwash 
from waves. Two problems confront larvae that settle above the 
Galeolaria zone: time to feed is shorter than lower on the shore, and 
the longer period of emersion may result in desiccation. Because young 
worms have thinner tubes, desiccation is likely to affect them more 
than 1 arger worms. 
To examine the survival of young worms in the barnacle zone, young 
worms on plates were transferred upshore where water did not form pools 
and which did not receive any backwash fran W~!es during 1 ow tide. 
Because worms settled almost exclusively on the under, shaded side of 
sandstone plates (see Chapter 2A), it was possible to transfer them as 
they had settled on the plate ("worms down"), or to transfer them 
inverted ("worms up"). This design allows some of the factors 
associated with life in the barnacle zone to be separated. Worms on 
plates that were inverted would be exposed to greater amounts of 
illumination, wind and less moisture than worms transferred "worms 
down". Sane physical factors remain confounded in this design, e. g. 
increased temperature and decreased moisture, and it does not allow the 
separation of the effects of starvation and desiccation. The design 
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does, however, allow the comparison of the fates of settled worms in 
shaded versus well-lit environments at two tidal heights. 
Because adults and juveniles may have different tolerances to 
physical factors, the results of some tranfer experiments are difficult 
to interpret (Dayton and Oliver, 1980; Underwood and Denley, 1984). In 
this experiment, some of the important objections to transfer 
experiments have been overcome by transferring young worms, not adults, 
to higher levels on the shore. If juvenile worms cannot survive at 
higher levels, then the physical factors present at high shore levels 
r.1ay be important in restricting worms to lower mid-shore zones. 
l"a teri al s and Methods 
Twelve sandstone plates ( 8 x 5 em) were installed (as described in 
Chapter 3A) at Site 20 and Site 22 (see Fig. 2A.1). These two sites 
differed slightly with regard to wave exposure: Site 20 was relatively 
less protected from waves and plates could be installed on rocks with 
horizontal and sloping aspects. Site 22 was relatively more protected 
from waves and had rocks with horizontal, sloping and vertical aspects. 
At each site, six plates were chosen at random and transferred 
up shore to the barnacle zone. Tidal heights of the up shore locations 
were Site 20 = 1 .68 m; Site 22 = 1.23 m. At both sites, the new 
location for the plates was dominated by the barnacle Tesseropora 
rosea, h~ttorina unifasciata Gray and Nerita atramentosa Reeve. Of 
the six Plates transferred upshore, three were chosen at random to be 
placed "worms up" and the remaining three were transferred "worms 
down". The plates were placed so as to preserve their original aspect. 
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Six plates remained at their low shore locations at each site, but 
all were moved to different locations at the same height to control for 
the effect of disturbance of plates. Again, three were chosen to be 
placed "worms up", and three "worms down". Tidal heights of low Shore 
plates were: Site 20 = 0.83 m; Site 22 = 0.89 m. 
The numbers and positions of worms on the plates were mapped on a 
plastic overlay prior to the start of the experiment ( 18 November, 
1982). At the beginning of the experiment, the age of the oldest 
settled worms was seven weeks. After 25 days (13 December, 1982), all 
plates were removed. Live worms were counted and mapped, and any drill 
holes present (indicating predation by the whelk Morula marginalba) 
were noted, as were any worms that had settled during the course of the 
experiment. 
An~_§is of data 
The "before" and "after" maps of each plate were divided into two 
halves of equal area. Worms on each half plate were counted separately 
to provide replication to test for differences among plates. For each 
half plate, the number of worms present at the end of the experiment 
was compared to the number present at the beginning, and % mortality of 
worms was determined. These data were used in a four-factor ANOVA, 
with factors Sites (20 or 22, fixed), Height (low shore or high shore, 
fixed), Position (''worms up" or "worms down", fixed) and Plates (2 
replicates, nested in sites, levels and positions). 
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TABLE 4D. 1 
A. Numbers of worms settling on plates attached to horizontal, vertical 
and sloped surfaces. 
No rocks with vertical aspects were available at Site 20. Data were 
chosen at random from plates of different aspects at Site 22. 
Number of worms per 40 cm2 plate 
Horizontal Vertical Sloping 
76 102 37 
35 114 147 
69 54 54 
71 33 89 
Mean 62.8 75.8 81.8 
S. E. 9.4 19.3 24.3 
B. ANOVA (untransformed data; Cochran's C = 0.56, R > 0.05). 
Source 
Aspect 
Residual 
Total 
ss 
754.7 
12588.3 
13342.9 
df 
2 
9 
11 
MS 
377-3 
1398.7 
I 
F 
0.27 
sig. 
ns 
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Results 
The first young worms were detected on the undersides of plates on 
27 September, 1982, after the plates had been in place for 4-5 weeks. 
There was no significant difference in the numbers of worms settling on 
plates of different aspects (ANOVA, ~ > 0.05, Table 4D.1). 
There was great mortality of worms on plates transferred upshore 
(Table 4D.2). Mortality of worms at the two sites was not 
significantly different (~ > 0.05, Table 4D.3), nor was the mortality 
of worms placed "up" versus worms placed "down" (.Jl > 0.05, Table 4D.3). 
Mortality of worms was significantly greater on plates transferred 
upshore than on plates moved around downshore (SNK tests, ~ = 0.05, 
Table 4D.3, C.). 
The significant interaction between Level and Position factors, 
and that between Sites, Levels and Position factors was probably due 
the disparity in the number of worms at Site 22 that died on "worms 
down" plates compared to "worms up" plates that were transferred to the 
their original height on the shore. This indicates that at Site 20, 
the extra insolation, wind, etc, on worms at the low shore level did 
not reduce survival, while at Site 22 they caused a significantly 
greater mortality of worms at the low shore level (SNK tests, p = 0.05, 
Table 4D.3). 
The differences among plates was significant (~ < 0.001), 
indicating that factors affecting mortality act differently on worms on 
different plates. This indicates spatial patchiness in the intensity 
of various agents of mortality. 
Young worms that settled during the course of the experiment were 
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TABLE l!D.2 
Numbers of worms on plates before experiment, after 25 days, and % 
mortality after 25 days. 
Plate Level Position Initial Number after % Mortality 
transferred of worms Number 25 days 
to during 
experiment 
Site 20 
1 same up 55 1 98 
12 1 92 
2 same up 51 37 27 
64 l!6 28 
3 same up 53 29 55 
28 19 32 
4 same down 9 7 22 
22 17 23 
5 same down 36 10 72 
16 7 56 
6 same down 57 28 51 
44 23 48 
7 high up 66 0 100 
53 0 100 
8 high up 95 0 100 
22 0 100 
9 high up 51 0 100 
101 0 100 
10 high down 15 0 100 
33 0 100 
11 high down 44 0 100 
69 2 97 
12 high down 18 0 100 
32 2 94 
TABLE ~D.2 (con't) 
Plate Level Position Initial Number after % Mortality 
transferred of worms Number 25 days 
to during 
experiment 
Site 22 
13 same up ~6 26 ~3 
57 ~3 25 
,~ same up 32 11 31 
22 13 9 
15 same up 35 ~ 89 
55 3 95 
16 same down 32 lost 
26 lost 
17 same down 27 23 15 
~6 ~0 13 
18 same down 35 ~9 0 
31 39 0 
19 high up ~8 2 96 
~1 1 98 
20 high up 19 3 8~ 
16 2 88 
21 high up ~3 0 100 
~1 0 100 
22 high down 70 0 100 
~3 0 100 
23 high down 13 lost 
2~ lost 
2~ high down ~2 0 100 
3~ 0 100 
TABLE 4D. 3 
Design and Analysis of Four Factor Transfer Experiment 
A. Design of Analysis 
Factor 1: Sites (2 levels, Site 20 and Site 22, fixed factor) 
Factor 2: Levels (2 levels, same and high, fixed factor) 
Factor 3: Positions (2 levels, worms up and worms down, fixed factor) 
Factor 4: Plates (2 levels, nested in Site, Position and Level, random 
factor) 
Two replicate counts per plate 
B. Results of ANOVA (Data transformed as arc sin proportion) 
Source ss df' MS F Sig. 
Sites 71 .59 1 71 .59 0.34 ns 
Levels 18757.17 1 18757.59 89.71 ••• 
Positions 763.15 1 763. 15 3.65 ns 
Sites x Levels 34.74 1 34.74 0.16 ns 
Sites x Positions 361.58 1 361 • 58 1. 72 ns 
Levels x Positions .1762.45 1 1762.45 8.42 • 
S XL X P 2554.49 1 2554.49 12.21 •• 
Plates (SxLxP) 1672.60 8 209.07 8.97 ••• 
Residual 372.54 16 23.28 I I 
Total 26350.37 31 I I I 
C. Results of SNK Tests (Q = 0.05) 
Site 20 
Level same same high high 
Position down up down up 
Mean % Mortality 35.9 = 35.6 < 97.7 = 100 ( un transformed) 
Site 22 
Level same same high high 
Position down up down up 
Mean % Mortaltiy 7.0 < 72.4 < 91.3 < 100 
(untransfonned) 
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detected only on one plate at Site 22 (Plate 18, Table 4D.2). This 
plate had been transferred to the same, low shore level. 
Hicroscopic examination of ~1orms on plates which had been 
transferred upshore revealed that worms were dried out, and located at 
the posterior end of the tubes. Drill holes were found only in worms 
on plates which had been transferred upshore. Two drill holes were 
found on worms at Site 20; five were found at Site 22. 
Discussion 
The results showed clearly that young Galeolaria cannot survive in 
higher shore areas where water does not form pools during low tides. 
The presence of adult worms in small pools upshore fran the 
experimental level suggests that worms sometimes do survive the 
conditions found at higher shore levels, but require standing water to 
survive. The dried up remains of the worms found in the posterior end 
of their tubes support the idea that lack of moisture may be a critical 
factor, although the worms may have died of starvation and then 
desiccated. The next step in this line of investigation would be to 
transfer worms from a low shore position to pools higher on the shore. 
This was not done because of the limited number of plates available for 
transfer. 
A total of seven drill holes were found in tubes of worms that had 
been transferred upshore, and none were found at low shore levels. If 
the number of drill holes accurately reflects the number of worms 
killed by whelks, then the proportion of deaths due to predation is 
very small compared to death caused by desiccation and/or starvation. 
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The small number of drill holes in tubes supports the observations of 
others (Fairweather and Underwood, 1983; Fairweather et al., 1984) that 
predation on worms by the whelk Morula marginalba is of little 
importance. 
Some mortality of worms also occurred on plates that had been 
transferred to the same, low shore level. At one Site, there was no 
difference in the numbers of worms that died on plates transferred 
"worms up" compared to "worms down", but there was a significant 
Gifference at the other Site. Two factors may contribute to this 
result. First, some mortality due to desiccation may occur even at low 
shore levels. The "worms up" plates approximate the situation of worms 
that settle on the low shore in well-lit locations (e.g. not in clumps 
of adult tubes or in other shaded situations). Worms that settled 
during the early part of summer would experience high temperatures when 
low tide occurred at midday. The results of this experiment, which was 
done during summer, suggest that worms settling low on the shore in 
well-lit locations may be affected by desiccation. Second, the 
differences in mortality of worms at low shore levels indicates that 
the physical agents causing mortality may vary spatially by as little 
as 200 m (the distance between Sites 20 and 22). This variation may be 
related to the relative amounts of shelter at the two Sites. The 
greater mortality of worms at low shore levels occurred at Site 22, 
which is the more sheltered of the Sites. This variable effect of 
desiccation is supported by the significant differences in mortality of 
worms on different plates (Table 4D.3). Hence, while transfer to 
higher levels on the shore led to dramatic mortality, some worms on the 
low shore may also be affected by desiccation and/or starvation during 
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summer, but the physical agents that cause death on the low shore vary 
considerably on a small spatial scale. 
Three factors appear to contribute jointly to restricting the 
vertical extension of the worm zone. Primarily, few worms settle above 
the worm zone (Chapter 3B), limiting the number of worms that could 
potentially live there. Second, the newly-settled recruits are likely 
to be damaged by grazing gastropods which are generally abundant above 
the worm zone (Chapter 4C). Finally, should young worms escape damage 
by gastropods, they are unlikely to survive the physical stress of the 
high shore environment, unless they settled in a tide pool or where 
they are moistened by backwash of waves during low tide. 
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Chapter 4 
E: Potential Predators 
Fish, crabs, birds, and a variety of invertebrates (e.g. 
nemerteans and flatworms) are all potential predators of Galeolaria, 
however the only species known to prey on the tubeworms is Morula 
ma~~~ba Blainville (Horan, 1980; Fairweather and Underwood, 1983; 
Moran et al., 1984; Fairweather, 1985). 
,Morula generally drills through the posterior portion of the tube, 
then sucks out the prey. Galeolaria is, however, not a preferred prey 
of the whelk and the time required to drill through the tube is longer 
than that for its preferred prey (barnacles and limpets), given the 
differences in the body sizes of the different prey items (Fairweather 
and Underwood, 1983). Galeolaria make up only a very small proportion 
of the diet of Morul~ in tide pools and at mid-tide levels 
(Fairweather, 1985). Small whelks are known to occur within clumps of 
Galeolaria (Dakin, 1969; Horan, 1985), but are thought to eat mainly 
the snall bivalve mollusc, Lasaea ~tralis L., which also occurs there 
(Fairweather, pers. comm.). The long, twisted nature of the worm tubes 
makes it unlikely that the whelks can drill through the tubes at the 
appropriate place and consume the prey inside. In clumps of coralline 
algae lCM on the shore, young whelks were found to eat mainly Lasaea 
and some unidentified small serpulid worms (Fairweather, 1985). 
Horula can reduce the abundance of Galeolaria in the mid-shore zone, 
but generally preys on worms only when more preferred prey items are 
absent (Fairweather, 1985). On other shores, Morula were observed 
eating tubeworms in the mid-shore zone (Moran et al., 1984), but the 
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whelks' preferred prey were absent at that location. Hence, the 
effects of the whelks on worms at Cape Bar~s during this study were 
generally small and sporadic. 
On several occasions, I have observed flatworms (Notoplana 
australis (Schmarda)) unsuccessfully attempting to enter worm tubes. 
It is unlikely that flatworms could slip past the armed operculum of a 
live worm, as the operculum makes a tight seal with the interior of the 
tube. Flatworms may consume dead or dying worms, however, as I 
observed on one occasion in the laboratory. Other soft-bodied 
invertebrate predators, such as nemerteans and nereid polychaetes would 
have similar difficulties in gaining entrance to the tubes of live 
worms. 
Although the common grapsid crab Leptograpsus variegatus 
(Fabricius) is frequently seen at Cape Banks in the worm zone, there is 
no evidence that it preys on Galeolaria. This crab has slender chelae 
which it uses to pick bits of algae off the rock and overturn small 
invertebrates (Skilleter and Anderson, 1986). Other crabs with heavy 
chelae such as the xanthid Ozius trunca tus (Milne Edwards) eats 
gastropod molluscs (Skilleter and Anderson, 1986). The only crushed 
tubes I observed were caused by my feet. 
Only one of several thousand worm specimens examined showed signs 
of a regenerating radiolar crown, and very few tubes were empty. This 
suggests that predation by fishes during high tide is not common. 
Shore birds (e.g. oyster catchers) are sometimes seen at Cape 
Banks at low tide, pecking at the substratum. Subsequent inspection of 
the site of pecking revealed no damage to worm tubes. 
Thus, the only known predators on worms at Cape Banks are whelks. 
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These have only a small and variable effect on the abundance of worms, 
which is confined to worms in tide pools and at the upper limits of the 
worm's vertical distribution. 
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General Discussion 
General Discussion 
Galeolaria dominates the mid-shore region fran the lower edge of 
the barnacle zone to the upper limits of the algal zone, except in low-
lying crevices and channels where algae and tunicates may be abundant. 
PopUlations are more dense at the lower edge of this range, reaching 
densities of more than 10 per an2 . Higher on the shore the 
population is less dense and, in general, more spatially variable. Two 
types of tubes may occur: a flat, prostrate form attached to the 
substratum along its entire length; and an upright form, which 
intertwines with other tubes to form a thick layer over the rock. The 
upright form is found only where the density of tubes is great; the 
prostrate form is found when density is small, or at the edges of dense 
patches. At Cape Banks there are more worms towards the southern end 
of the platform which periodically receives strong, direct waves fran 
the predominantly southern swell. A decrease in numbers during 1985 at 
sites where worms formed a thick layer on the rockwas probably caused 
by storm waves removing entire patches of tubes. 
Juveniles recruited to the population mainly from October until 
December, though later recruitment was recorded in one year. Recruits 
were distributed in the same manner as adult worms, i.e. their nunbers 
were greater and less variable 1 ower on the shore. Evidence from 
plates left exposed after peak recruitment until the following spring 
suggested that there was little recruitment at other times of year. 
The peak of early recruitment (worms less than one month old) 
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varied from year to year with regard to the timing and rate of 
recruitment. In general, peak recruitment occurred in spring and 
lasted approximately one month, although peak r·fJC:l' nitment was delayed 
until January in the last year of the study. A single recruitment 
event lasting several days probably caused this intense, delayed peak 
in early 1986. That year, recruitment was an order of magnitude 
greater than recruitment in the first year of the study. Recruitment 
did not appear to be correlated strictly with lunar phase nor with 
water temperature, but may be influenced by supply of planktonic larvae 
and the arrival of southerly storms. 
More worms recruited within the Galeolaria zone than outside it. 
Recruitment outside the range of adults was almost negligible even when 
intensity of recruitment was great within the worm zone. Worms 
recruited to the shaded, bottom surfaces of sandstone plates. Few 
settled on the upper surface of plates, usua~ly in shaded crevices 
when settlement was very intense. Larvae were shown to settle 
gregariously, but shade and complex physical surfaces were also 
important to early recruitment. Worms settled in greater numbers on 
dense patches of live adults, suggesting that the agent responsible for 
the gregarious behaviour was more effective when adults were dense. 
Some worms did settle on artificial substrata, suggesting that the 
presence of conspecifics is 
successful recruitment. 
preferred, but not required for 
Young worms grew quickly to occupy available space. Cleared 
patches of up to 900 cm2 had 100% cover of worms within a year of the 
end of the settlement season. Worms settling early in the seaon 
(spring) may reproduce after as little as eight months. 
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Samples taken over two years suggested that the distribution of 
sexes was unequal, with fewer females than males. The number of eggs 
produced by a worm was correlated with female body size (as measured by 
the number of abdominal segments). More than 50,000 eggs may be 
produced by a single female. The distribution of eggs through time, 
however, did not precede the observed peak of recruitment, suggesting 
that recruits at Cape Banks may have arrived from elsewhere, at least 
in that year. 
Grazing gastropods reduced settlement and survival of young worms 
on bare rock, but not of worms that settled among the tubes of adults. 
The gastropods probably damaged the worms while grazing, or crushed the 
worm tubes while moving about. Large limpets do not generally cross 
dense patches of worm tubes and the limpets present in such areas are 
generally small macroalgal grazers. Ephemeral green algae encouraged 
the recruitment of young worms, probably by providing shade and 
moisture and a physically complex surface for settlement. Most young 
worms transplanted upshore to areas where water did not form pools 
died. Worms probably cannot survive in the upper barnacle zone unless 
in a pool of water. 
There was no evidence that any predator caused a significant 
decrease in the population of worms at Cape Banks. The whelk Morula 
marginalba preys on worms, but they are not a preferred food item, and 
the effects of the whelk on the worm population were minimal and 
sporadic. 
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Processes that govern vertical distribution 
The fundamental cause of the observed zonation in Galeolaria is 
that larvae recruit mainly in areas where adults are established. Even 
when recruitment in the worm zone is intense, few worms can be found in 
the barnacle and algal zones. 
Three potential sources of mortality have been identified for 
larvae settling above the worm zone. Young worms that settle on bare 
rock are likely to be killed by grazing gastropods, which may occur in 
great densities in the barnacle zone, or directly above the worm zone 
when barnacles are absent. This type of mortality may be classified as 
"accidental mortality" as it is unlikely that the herbivorous 
gastropods consume the young worms. They are probably removed from the 
rock directly by the limpets' radula or by "bulldozing" (Connell, 
1961b; Stimson, 1970, 1973). Larger limpets such as Cellana have a 
strong muscular foot which exerts considerable force on the rock and 
nay be able to pull young worms directly off the substratum. 
The isolated individuals that can be found in or above the 
barnacle zone probably escaped damage as young worms by settling in a 
crack or crevice. Because the size of larvae at settlement is small 
( < 200 ym>, even a small pit or crack in rock that appears smooth may 
afford some protection. Early recruits were observed under the edge of 
encrusting algae and in areas inaccessible to large limpets. In such 
micro-topographical refuges young worms may then grow to a size at 
which their thickened tube can withstand the effects of limpets. 
Because young worms grow rapidly, they may only need to escape physical 
damage for a period of four to six weeks. 
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The second source of mortality for larvae settling above the worm 
zone is emersion, probably the combined effect of starvation and 
desiccation. Most young worms transferred upshore to places where 
water did not form pools died (Chapter 4B). If young worms settle 
where there is no standing water or run-off from waves during low tide, 
they may have insufficient time to feed and may be subjected to a 
combination of higher temperatures, increased insolation and exposure 
to wind. Whatever the exact cause of death (starvation or 
desiccation), fewer young worms survival in the barnacle zone than in 
the worm zone. 
The ·isolated adults found above the worm zone, then, have settled 
where the supply of water was sufficient to assure survival during low 
tide, and escaped physical damage when young. These worms, however, 
are subject to a third potential source of mortality: predation by 
whelks. Although predation by Morula marginalba can reduce the density 
of adult worms in tide pools (Fairweather, 1985), this type of 
mortality appears to be of little significance at Cape Banks. On other 
shores where preferred prey, such as limpets and barnacles, are scarce, 
predation may be a more important factor in determining the worms' 
upper limit of distribution (Moran et al., 1984). 
Few worms recruited in the algal zone, but the number increased 
slightly when recruitment in the worm zone was very intense (see 
Chapter 3B). There are several possible explanations for this pattern, 
but the experiments and techniques used in this study did not allow all 
the possibilities to be examined. 
The first and simplest reason for the observed pattern is that the 
pre-settlement distribution of larvae was such that few larvae arrived 
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in the algal zone. While this may seem a more appropriate explanation 
for the worms' upper limit, there is accumulating evidence that larvae 
are distributed in the plankton in a non-random fashion. Wilson (1982) 
found that larvae of polychaetes off a rock platform remained near the 
bottom during day and night. Near the bottom, he collected many larvae 
of S~bellaria spinulosa (Luckart), a sedentary sabellariid worm that 
forms large aggregations. Like Galeolaria, the larvae of~· spinulosa 
are gregarious and respond to the cement used to construct the worms' 
sand-grain tubes (Wilson, 1970b). Grosberg (1982) found that the 
intertidal distribution of two barnacle species was determined by the 
pre-settlement distribution of cyprids in the plankton. Further 
emphasizing the important link between larval concentration and 
abundance af local barnacle populations, Gaines et al. (1985) found 
that spatial variation in the concentration of barnacle larvae in the 
plankton was reflectedin the spatial variation of subsequent 
popUlations on the shore. Thus, the larvae of barnacles and worms have 
been d~monstrated to occupy non-random positions in the plankton, and 
such pre-settlement distributions may greatly affect the location of 
settlement and the spatial variation in settlement observed for so many 
intertidal species (e.g. Hawkins and Hartnoll, 1983; Wethey, 1985). 
For Galeolaria, the combined effects of potential non-random planktonic 
distribution of larvae and the demonstrated gregarious behaviour (see 
Chapter 3D) may serve to ensure that the majority of larvae settle 
within the worm zone. Clearly, a knowledge of the planktonic 
distribution of worm larvae would shed light on the pattern of 
settlement of this species. 
Alternatively, the pattern of recrUitment of worms may be caused 
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by the behaviour of larvae after they arrive on the shore. They may 
have settled low on the shore in great numbers and either crawled away 
or died within one month, but there is no evidence for either scenario. 
These hypotheses were not tested in this study. It is possible that 
some unseen predator reduced the survival of settled worms, but there 
is no evidence for predation of worms in the algal zone. Space, in the 
form of sandstone plates, was provided so that the larvae present at 
low shore levels did not lack adequate space to settle. For some 
reason, larvae may have found the space unattractive and failed to 
settle. Sponges and algal films were commonly present on plates set 
out in the algal zone, and these may have rendered the plates less 
attractive than those in the worm zone. Only rarely did I observe the 
overgrowth of worms by encrusting species, but the period of exposure 
of the plates may have been too short for such interactions to occur. 
A further possibility is that larvae present low on the shore lack the 
proper cues for settlement (Strathmann and Branscomb, 1979). While 
this is possible (the larvae are gregarious), experiments testing 
gregariousness indicated that although larvae respond to great 
densities of adults, they also settled in the worm zone when adults 
were absent (see Chapter 3D). It appears, then, that the downward 
extension of the worm zone is prevented primarily by failure to settle, 
possibly due to lack of sufficient cues provided by adults, or other 
causes. 
The processes that govern the vertical distribution of Galeolaria 
appear to be different from those for other species of intertidal 
serpulids. Straughan (1969) found that at a sheltered, inshore site in 
Kaneohe Bay (Hawaii), the larvae of Pomatoleios krausii settled above 
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and below the level of adults, depending on the mean height of the sea 
during the two periods of larval settlement (July and September-
October). Few larvae settled above the worm zone in October, but many 
settled below it in July. There appeared to be no competition for 
space with barnacles (Balanus) or oysters (Ostrea) because the 
barnacles and oysters preferred more exposed sites. Crabs were 
responsible for mortality of worms above the worm zone, while 95% of 
the larvae that settled within the worm zone survived. The effect of 
predation by crabs was greater at more exposed sites, and on the upper 
surfaces of plates. During September-October, colonial ascidians 
competed for space with worms that settled in July, causing great 
mortality of worms settled below the Pomatoleios zone. Zonation of f. 
kraussi in Hawaii, then, is a result of larval settlement above, within 
and below the range of adults, followed by greater survival of worms 
settling within the worm zone. Predation was responsible for 
differential mortality at the upper limit, while competition 
(overgrowth) by colonj_al ascidians determined the 1 ower limits 
(Straughan, 1969). 
QsJeolaria differs from 1· kraussi in several, fundamental ways. 
Primarily, the majority of larvae settle within the worm zone, not 
above or below it. No predation by crabs was observed at the upper 
limit of the worms' distribution, nor was overgrowth by algae or 
ascidians. Thus, Galeolaria differs from f. kraussi in Hawaii both in 
the initial distribution of newly-settled worms and in sources of 
subsequent mortality. It is possible that these differences may be 
largely attributed to the differences in the physical nature of the two 
study sites. It appears that Cape Banks is much more exposed than the 
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inshore study site at Kaneohe Bay. 
The vertical distribution of 1· kraussi was also investigated at a 
moderately sheltered location in Kuwait (Al-Dbaiyyah) which was exposed 
to moderate currents and wave action (Mohammad, 1975). There, most of 
the larvae settled within the worm zone (1-2 metres above datum) during 
a single peak in the settlement season (August). Of the few worms that 
settled above the worm zone, most died, probably as a result of 
desiccation. Survival was great within the worm zone, where f. 
kraussi completly smothered the barnacle Balanus amphitrite 
amphitrite, which also settled there. Below the worm zone, survival of 
worms was small due to overgrowth by encrusting ectoprocts, sponges and 
filamentous algae. Zonation of f. kraussi in Kuwait, then, was 
primarily determined by the distribution of settled larvae, and less 
importantly by desiccation at the upper limit and competition 
(overgrowth) at the lower limit. 
~aleolaria appears to share some common traits with 1· kraussi in 
Kuwait. The majority of larvae settle within the worm zone, and those 
settling above it are subject to the effects of desiccation (see 
Chapter 4D). Overgrowth by sessile species has rarely been observed 
for Galeola~a settling below the worm zone, although plates may not 
have been in place long enough for this to occur. Like 1· kr~ in 
Kuwait, larvae settling within the worm zone have a great rate of 
survival (see Chapter 4B) and can overgrow barnacles settling there 
(Denley and Underwood, 1979). Although the physical conditions appear 
to differ somewhat between the two locations, some of the processes 
that govern the vertical distribution of intertidal worms appear to be 
similar. 
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The processes that determine the vertical distribution of worms 
may be similar to those for local species of barnacles. The larvae of 
Tetraclitella purpurascens and Tesseropora ~~ also do not settle 
above the barnacle zone. Like Galeolaria, the upper limit of these 
species is set by the lack of settlement (Denley and Underwood, 1979). 
Small~. ~purascens were unable to survive above the barnacle zone 
due to high daytime air temperatures during low tide. Similar 
processes governing the upper limits of distribution have been found 
for barnacles elsewhere (e.g. Connell, 1961a, b, 1970). The cyprids 
that settled within the worm zone were overgrown by tubeworms or by 
macroalgae, but these competitive interactions were less important than 
lack of settlement in the worm zone. The processes governing the upper 
limits of barnacles and worms, then are similar: lack of settlement of 
larvae. The processes affecting the lower limits of barnacles, 
however, may differ from those for Galeolaria. The barnacles do settle 
low on the shore, but only onto bare primary space. Galeolaria showed 
no preference for bare rock as a settlement substratum, and readily 
settled on secondary space. Clearly, lack of space is not a factor 
that limits the worms' lower distribution, as for 1· purpurascens and 
1· rosea. 
The processes that determine vertical zonation in Galeolaria 
differ from those described for most species of worms and barnacles in 
an important respect: there is no evidence that predation is important 
in determining the lower distribution of the worm (Connell, 1972, 1975, 
1985; Paine, 1977). Predation may occur at the worms' upper level on 
some shores (e.g. Horan et. al., 1984), but appears to be unimportant 
at Cape Banks. The apparent absence of predation at the sites studied 
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makes Galeolaria fit uneasily into models which focus on predation as 
an important process that structures sessile, filter-feeding 
communities (Menge and Sutherland, 1976; Menge, 1978a, b; Connell, 
1975). In particular, the forces structuring the vertical distribution 
of this species differ from those for some species of barnacles and 
mussels. Connell (1970) demonstrated that the lower limit of 
distribution of Balanus glandula was determined by predation by several 
species of whelks (Thais spp.). Paine (1974, 1917) concluded that the 
lower limit of mussel beds (Mytilus californianus) in Washington was 
set by predation by the sea star, Pisaster ochraceus. As discussed by 
Underwood and Denley (1984), the pattern of larval settlement may be an 
important contributor to the causes of lower limits of distribution in 
some species. Galeolaria appears to be an example of such a species. 
Further, the worms may demonstrate the importance of pre-emptive 
competition in determining the lower limits of other species. Barnacle 
larvae arrive in the worm zone, but most are unable to recruit because 
the worms already occupy the primary substratum that the barnacles 
prefer (Den! ey and Underwood, 1979). 
Processes that govern how Galeolaria maintains space 
Two processes can be identified that remove worms from the shore 
and open up space for further colonization by Galeolaria or other 
species. The first, and most important, of these is the removal of 
clumps of worms by the action of waves. When storms are persistent or 
severe, waves can remove small to large patches of worms, significantly 
reducing their abundance (Chapter 2B). The exfoliation of worms by the 
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action of waves appears to be the only factor that causes significant 
reductions in the abundance of worms. On some shores, predation by 
whelks may be more ca:nmon than at Cape Banks, but because the empty 
tube can remain on the rock for some time after the worm has been 
killed (pers. obs.), predation does not immediately make space 
available for colonization. 
Several factors affect the rate at which Galeolaria are able to 
occupy available space. As is the case in mussel beds (Harger and 
Landenberger, 1971), worms are more susceptible to removal by waves 
where they occur in thick layers. Soon after a clump of tubes is 
removed from the rock (either artificially, by myself, or naturally by 
the action of waves), the remaining worms at the edge of the bare patch 
began to repair their tubes (Chapter 2C). Worms closest to the edge of 
the patch rebuilt their tubes so that they encroached on the bare 
space. This may "anchor" the remaining clumps and make subsequent 
removal less likely. The encroachment of bare space by the existing 
worms has two effects: it reduces the size of the patch, and encourages 
the recruitment of young worms at the edges of the bare patches. Where 
the patch had been invaded by grazing gastropods, the space slowly 
filled with worms from the edges toward the centre of the bare patch. 
Two years after I cleared a 15 x15 em patch, the only visible evidence 
of it was a lone limpet (Cell ana) on a small bare patch, surrounded by 
tubeworms. If, by chance, the patch were not invaded by grazing 
gastropods, or were grazed only occasionally, then ephemeral algae 
settled and grew quickly to occupy the space. The presence of such 
algae appeared to enhance recruitment (Chapter 3E), and the amount of 
time required for worms to occupy the patch may be shorter than in the 
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absence of algae. The recovery time of patches can also be influenced 
by the magnitude of recruitment, which may vary considerably from year 
to year. Additional factors that contribute to Galeolaria's ability to 
maintain space are the worms' rapid growth (Chapter 4A) and their 
ability to overgrow barnacles (Denley and Underwood, 1979). 
How do these processes compare with those for other species that 
occupy large amounts of space? Paine and Suchanek (1983) have 
identified "traits and liabilities" that characterize species capable 
of competitively dominating space in intertidal communities. 
Galeolaria appears to possess most of these traits. It has larval 
recruitment into adult aggregations, relatively rapid growth, and 
individual worms are "connected" by virtue of massive, intertwining 
clumps of tubes. In addition, spaces between tubes support a rich 
associated community, and the entire community is subject to 
disturbance by physical forces. Although tpe life span of the worm is 
not precisely known, some specimens have survived for almost three 
years, qualif .ying them as "p~rennial". Galeolaria differs, however, 
in having individuals with relatively small body size compared to 
mussels and tunicates. Worms achieve immunity from "accidental 
predation" by grazing gastropods by virtue of size, but there appears 
to be no immunity to predation by whelks at higher levels on the shore. 
So, while Galeolaria conforms to most of the criteria for a species 
capable of dominating space in the intertidal zone, it differs from 
other such species in having smaller individuals and no identifiable 
source of predation for the majority of the population. 
Several models have been erected to explain processes by which 
potentially dominant species may occupy space (Paine, 1966, 1974; 
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Connell, 1975; Menge and Sutherland, 1976; Menge, 1978a, b) and thus 
influence the nature of intertidal communities. The model outlined by 
Connell (1975) is the moat appropriate for Galeolaria because it 
addresses the creation of space and ita occupation by potentially 
dominant species. Like others, this model focuses on the relative 
importance of predation and competition in various "physical 
conditions" (e.g. benign, intermediate and harsh physical 
environments). "Harsh" conditions refer to places where physiological 
stress is great, such as at the upper margin of the intertidal zone 
(Connell, 1975), and "benign" conditions are those areas of the shore 
where there is little mortality of potentially dominant species due to 
physiological stress. 
Which of the pathways in Connell's model (1975) best describes the 
processes that allow Galeolaria to dominate space in the intertidal 
zone? Consider first a bare patch of rock, low in the worm zone. The 
patch cannot be considered a "harsh" environment because worms settling 
there are not subject to great physiological stress. Nor is it a 
"benign" environment, because the young worms are not killed by natural 
enemies. Worms settling low in the worm zone have great rates of 
survival (Chapter ltB). By elimination, then, such a patch must 
represent an "intermediate" environment. Here, according to Connell 
(1975), "young colonists survive well since the physical conditions are 
harsh enough to reduce the effectiveness of natural enemies, but not so 
severe as to destroy the prey" (Connell, 1 975, Fig. 1 , p lt7 8). 
Competition determines which dominant species survives, which then 
supresses, displaces, or excludes other colonists. Superficially, this 
"intermediate" condition appears to describe bare patches low in the 
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rtorm zone, for here wonns are neither killed by physiological stress 
nor by natural enemies. But how important is competition in 
determining which species eventually dominates the patch? There is 
little evidence of intraspecific competition in this species. Larvae 
settle readily on previously settled wonns (Chapter 3D) so that pre-
emptive intraspecific competition is not likely to be important. Worms 
respond to great densities of conspecifics by building tubes upright, 
away from the substratum (Chapter 2C). Interspecific competition may 
also be of little importance. If ephemeral algae are present in the 
bare patch, Galeolaria settle in great numbers (Chapter 4E). 
Conversly, there is no evidence that the presence of worms affects the 
algae, for algae may grow epiphytically on worm tubes. If barnacles 
settle in the bare patch, worms can settle and overgrow them {pers. 
obs.), although this is unlikely because worms settle before barnacles 
in most years. Worms, however, do prevent the settlement of barnacles, 
which prefer to settle on bare substratum (Denley and Underwood, 1979). 
Because worms settle before barnacles in most years, the most likely 
fonn of competition affecting the dominance of space in the worm zone 
is the pre-emption of settlement of barnacles by worms. In the years 
when worms and barnacles settle simultaneously, the worms probably 
overgrow barnacles in the worm zone. 
But such competitive interactions can only be important if the 
pattern of larval settlement of barnacles and worms overlap to a large 
extent. For both barnacles and worms, the pattern of larval settlement 
has been shown to coincide mainly with the distribution of conspecific 
adults, overlapping relatively little in their vertical distributions. 
If relatively few barnacles settle in the worm zone, then interspecific 
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competition cannot be an important factor in determining which species 
will eventually dominate bare patches in the worm zone. Competition, 
then, is unlikely to be an important factor that affects the ability of 
worms to maintain space. Rather, the combined factors of discrete, 
aggregative settlement, rapid growth, ability to occupy secondary space 
and lack of predators all contribute to the maintenance of space by 
Galeolaria. 
The scenario for bare patches of rock higher on the shore is 
different. Above the worm zone, young worms are likely to be killed by 
the combined effects of desiccation and starvation. According to 
Connell (1975), then, bare patches above the worm zone are "harsh" 
environments. Young worms only survive after a mild season, and may 
then grow to a size that can tolerate subsequent episodes of 
desiccation/starvation. Immediately above the worm zone, however, 
where grazing gastropods are abundant, the category of "harsh" does not 
apply. Here, the effects of desiccation are less, but gastropods 
remove young worms fran the rock. Near the boundary of the worm zone, 
the physical conditions may be "intermediate" or "benign", depending on 
the density of natural enemies (grazing gastropods) and their 
effectiveness in removing young worms. Similarly, the physical 
conditions of bare rock in pools at high shore levels may be "benign" 
or "intermediate" depending on the density of natural enemies. In 
addition to grazing gastropods, the density of whelks may determine the 
category of the environment in pools. 
Clearly, no single pathway through Connell's (1975) model 
accurately describes the processes by which Galeolaria occupies space. 
The processes that are important in determining which species occupies 
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space depend on the location of the bare space, and the the pattern of 
~ 
larval settl~t in relation to the available space. Overall, there 
are several important points that Connell's (1975) model fails to 
consider. The most important, already noted, is that it applies to 
Galeolaria only on those areas of the shore where worm larvae settle. 
It has little relevance to the barnacle and algal zones, because so few 
larvae settle there. Patterns of larval settlement are not explicitly 
considered in Connell's model. The tacit assumption in his scheme is 
that larvae settle over a broad range of the intertidal zone, and that 
competition determines the final outcome. While 
settlement have been identified for some species 
broad patterns of 
n 
of ba~acles (Connell, 
1961a, b), this is clearly not the case for other species of barnacles 
(Denley and Underwood, 1979) and Galeolaria. 
Another omission in the model is the failure to recognize the 
important role that variations in disturbance can play in structuring 
intertidal communities. In this study I have demonstrated that the 
major cause of reduction in abundance of worms was their removal by 
waves from the lower part of the worm zone. Populations higher on the 
shore did not change significantly through time (Chapter 2B). At Cape 
Banks (and probably on other shores where Galeolaria is abundant) the 
frequency of creation of patches is much greater lower on the shore 
than high. Low in the worm zone, worms tend to grow upright and are 
more susceptible to removal than the prostrate forms that grow higher 
in the zone. Thus the frequency of disturbance of waves and the 
creation of bare patches are different at different heights on the 
shore. The frequency of bare patches increases with wave exposure, 
which in turn is correlated with low levels of physiological stress 
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(Underwood and Denley, 1984). These three factors (frequency of 
disturbance, wave exposure and physiological stress) are inextricably 
confounded with height on the shore. Thus, in Connell's (1975) model, 
a "benign" environment for Galeolaria is necessarily one that is low in 
the worm zone (because that is where the effects of stress are small) 
and subject to more frequent disturbance than a "harsh" environment. 
If patches high and low on the shore are found to be different with 
respect to occupancy of space, this model cannot distinguish whether 
that difference is caused by a difference in physiological stress or 
physical disturbance. This confounding of factors diminishes the 
predictive power of the model. 
This model is only one of those that deal with the occupation of 
space in the intertidal zone, but is the most relevant of the many 
available (Paine, 1966; Menge and Sutherland, 1976; Menge, 1978a, b). 
These other models place such an emphasis on predation as to make them 
inappropriate for Galeolaria. Clearly, the suites of species that 
these authors deal with interact in different ways from the patterns 
shown by species on the low shore of New South Wales. 
This study of Galeolaria contributes insights to the ecology of 
sessile, filter-feeding species on rocky shores. Most of features of 
the biology of such organisms were quantified for Galeolaria: rapid, 
aggregative settlement, quick growth, ability to occupy secondary 
space, a perennial reproductive cycle with capacity to produce large 
numbers of offspring, and interconnected individuals that form a matrix 
on the shore. This study showed, however, that the processes 
determining the amount of space occupied by a dominant species may not 
be restricted to those involving competition and predation. Knowledge 
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of the pattern of larval settlement, and the possible variations in 
that pattern are essential to a complete understanding of zonation and 
abundance of the species. In particular, the apparent lack of 
predation at the site studied has not previously been considered in the 
ecology of sessile species. The ecology of most other sessile animals 
contains an element of predation which, while variable in importance, 
is identifiable and persisent through time. This study demonstrates 
that predation is not necessarily a component of the ecology of sessile 
species. 
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Appendix 1 
Comparison of Two ~~thods of Counting Worms 
Materials and Methods 
A comparison between two methods of counting worms in dense 
aggregation was done on 15 September, 1982. 
Four rocks with dense populations of Galeolaria were selected for 
the comparison. On each rock, ~ quadrats (5x5 em) were photographed, 
then counted directly by touching each tube with a marking pen. The 
quadrats were not moved or touched, so that exactly the same area of 
rock was photographed, then counted. 
The photographs of the quadrats were projected onto a work table, 
and the numbers of adults and juveniles counted by touching the image 
of each tube with a marking pen. 
Data for adults and juveniles were analysed separately. Paired t-
tests (~ = 0.05) were done on the difference between the direct counts 
and counts from photographs. 
Results 
A. Adults 
Direct Count Count from Photographs 
Rock Rock 
Rep 1 2 3 4 1 2 3 4 
1 147 129 125 190 1 51 129 127 192 
2 138 133 117 2~7 125 135 122 242 
3 151 111 17~ 129 155 112 163 137 
~ 140 151 171 163 1~8 160 163 157 
Paired 1-test (between the two methods): 1~ 0.52; 15 df; £ > 0.05 
B. Juveniles 
Rep 1 2 3 4 1 2 3 4 
1 6 9 12 2 6 ~ 12 5 
2 5 13 15 29 6 12 12 32 
3 8 9 15 11 8 5 10 8 
~ 8 9 16 3 10 10 19 4 
Paired 1-test (between the two methods): 1 = 0.63; 15 df; £ > 0.05 
Discussion 
The results show that there was no significant difference between 
the two methods of counting, for adult or juvenile worms. Because of 
the constraints of time, samples low on the shore were counted from 
pho.tographs, and 6 (or 1 0) replicate counts of juveniles were made 
directly . 
Appendix 2 
Coefficients of variation for monthly samples of adults through time. 
I =not sampled, - =no coefficent of variation (mean= 0). 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Site 5 
1 S82- High 73 90 10 8~ 50 73 90 78 I 78 129 37 
1983 Low 63 60 7~ ~1 20 27 39 38 I 73 111 69 
1983- High 80 76 90 65 100 60 I 63 95 57 77 68 
198~ Low 62 ~5 69 119 58 I I 55 87 ~7 59 89 
198~- High I 83 79 67 I I I 59 I I I I 
1985 Low I 62 58 5~ I I I 53 I I I I 
Site 7 
1982- High 177 127 190 8~ 52 13~ 152 115 I 8o 203 76 
1983 Low 3~ 63 ~5 71 31 66 26 25 I ~6 25 ~1 
1983- High 8~ 151 133 1 ~9 1 ~5 121 I 128 108 95 11 ~ 90 
198~ Low 50 ~1 5~ ~3 ~8 I I 58 38 ~3 31 50 
198~- High I 109 87 98 I I I 163 I I I I 
1985 Low I 58 52 ~9 I I I ~6 I I I I 
Site 9 
1982- High 167 99 120 88 88 73 1j7 117 I 65 13 152 
1983 Low 61 61 81 ~1 66 61 27 56 I 36 61 57 
1983- High 135 55 11~ 127 90 I I 12 123 76 119 132 
198~ Low 62 ~3 52 6~ 222 I I 103 72 67 69 ~6 
1984- High I 116 12~ 10~ I I I 113 I I I I 
1985 Low I 53 ~6 69 I I I 6~ I I I I 
Site 11 
1982- High 89 52 78 53 67 60 73 ~2 I 56 52 93 
1983 Low 54 102 78 59 ~5 19 32 ~2 I ~8 112 55 
1983- High 27 88 75 71 71 I I 99 93 66 72 81 
1984 Low 76 34 4~ 88 103 I I 32 67 69 57 ~~ 
198~- High I 80 1 ~2 106 I I I 93 I I I I 
1985 Low I 56 67 81 I I I 58 I I I I 
Appendix 2 (cont'd) 
Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Site 13 
1982- High 95 71 114 63 74 26 95 88 I 84 56 80 
1983 Low 27 60 68 29 57 29 47 38 I 31 45 35 
1983- High 1 08 79 75 77 60 93 I 104 95 87 104 113 
1984 Low 42 42 29 45 64 I I 64 44 57 61 52 
1984- High I 164 67 71 I I I 82 I I I I 
1985 Low I 35 20 57 I I I 47 I I I I 
Site 17 
1982- High 142 207 77 93 81 143 85 110 I 47 109 75 
1983 Low 52 35 24 50 35 32 24 27 I 47 46 77 
1983- High 48 60 66 79 99 168 I 138 110 77 17 2 102 
1984 Low 27 58 70 47 45 I I 60 35 45 57 34 
1984- High I 126 142 115 I I I 102 I I I I 
1985 Low I 42 40 60 I I I 58 I I I I 
Site 19 
1982- High 244 87 138 60 73 117 113 58 I 68 129 117 
1983 Low 16 38 38 32 7 12 14 34 I 53 18 53 
1983- High 67 104 56 77 90 88 I 111 104 78 102 73 
1984 Low 62 35 38 37 24 I ~I 50 34 38 52 38 
1984- High I 152 76 121 I I I 127 I I I I 
1985 Low I 52 30 30 I I I 45 I I I I 
Site 20 
1982- High 88 41 49 81 21 38 55 44 I 28 72 78 
1983 Low 21 42 33 30 34 12 22 34 I 43 21 22 
1983- High 65 45 45 39 73 I I 66 59 50 I I 
1984 Low 35 17 29 31 20 I I 26 23 15 I I 
1984- High I 92 69 73 I I I 84 I I I I 
1985 Low I 47 41 54 I I I 69 I I I I 
Appendix 3 
Coefficients of variation for monthly samples of juveniles through 
time. I = not sampled, - = no coefficient of variation (mean= 0). 
Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Site 5 
1982- High 134 123 190 113 81 115 
-
- I 233 180 160 
1983 Low 88 108 55 49 105 100 147 184 I 233 147 346 
1983- High 233 180 180 192 ·134 139 I - 177 143 190 447 
1984 Lo\-1 248 134 153 106 58 I I 152 244 205 123 218 
1984- High I 190 134 177 I I I 205 I I I I 
1985 Low I 244 67 84 I I I 137 I I I I 
Site 7 
1982- High 1 04 97 152 84 90 110 154 233 I 134 216 233 
1983 Low 60 85 62 84 86 73 34 56 I 73 160 148 
1983- High 116 266 153 120 193 199 I 218 307 244 190 167 
1984 Low 131 136 87 55 69 I I 97 109 109 1 53 111 
1984- High I 218 102 117 I I I 168 I I I I 
1985 Lolo." I 133 59 53 I I I 94 I I I I 
Site 9 
1 982- High 1 07 80 77 120 102 70 HO 159 I 115 127 180 
1983 Low 160 134 67 65 89 69 160 200 I 233 160 160 
1983- High 179 117 115 137 111 I I 166 205 108 102 161 
1984 Low 147 133 117 74 142 I I 135 99 115 13 149 
1984- High I 95 164 137 I I I 161 I I I I 
1985 Low I 132 113 90 I I I 95 I I I I 
Site 11 
1982- High 162 124 145 111 105 112 145 180 I 160 134 284 
1983 Low 83 108 100 37 64 54 125 134 I 114 233 91 
1983- High 82 114 180 107 47 I I 131 307 131 131 138 
1984 Low 114 go 70 102 72 I I 102 181 115 78 100 
1984- High I 121 201 158 I I I 220 I I I I 
1985 Low I 112 105 63 I I I 100 I I I I 
Appendix 3 (cont'd) 
Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Site 13 
1 982- High 1 04 73 103 113 86 81 160 147 I 116 16 0 104 
1983 Low 93 151 96 53 83 69 121 160 I 114 147 147 
1983- High 233 180 114 105 125 151 I 220 190 119 139 138 
1984 Low 95 98 87 65 61 60 I 119 96 75 69 90 
1984- High I 213 123 132 I I I 255 I I I I 
1985 Low I 131 58 72 I I I 107 I I I I 
Site 17 
1982- High 122 181 88 115 87 121 21 160 I 180 180 133 
1983 Low 77 76 66 48 50 76 80 131 I 127 143 134 
1983- High 1 47 73 69 129 117 140 I 165 149 161 205 134 
1984 Low 147 103 102 86 97 I I 113 104 104 110 93 
1984- High I 128 78 113 I I I 232 I I I I 
1985 Low I 79 102 84 I I I 126 I I I I 
Site 19 
1982- High 83 78 119 89 73 93 116 116 I 123 184 112 
1983 Low 110 103 61 60 56 74 93 102 I 120 176 107 
1983- High 100 196 140 147 85 88 I 133 160 94 181 98 
1984 Low 83 78 80 75 67 I ~ I 92 104 109 132 103 
1984- High 138 137 161 I I I I 144 I I I I 
1985 Low 105 78 75 I I I I 100 I I I I 
Site 20 
1 982- High 1 45 44 83 70 90 59 107 104 I 90 100 86 
1983 Low 65 115 46 46 70 58 go 77 I 81 69 100 
1 983- High 1 08 82 82 73 81 I I 129 114 111 121 103 
1984 Low 11 0 71 47 64 64 I I 63 52 97 112 71 
1984- High I 99 94 144 I I I 148 I I I I 
1985 Low I 82 77 71 I I I 96 I I I I 
APPENDIX 4 
Regression equations used when the number of worms on substrata was 
estimated "by eye". Regressions are of the number of worms counted "by 
eye" on plates (Y) on the number actually present on the bottom surface 
only of plates (X), determined using microscope in laboratory. The 
plates counted were exposed during the same period as the substrata 
being estimated. 
Year Period Regression Equation R Sig. 
1 2 r = o.8ox - o.o6 0.86 * 2 6 Y = 0.90X- 1.10 0.95 * 
3 1 Y = 0.50X + 0.69 0.77 * 
3 3 Y = 0.30X + 0.02 0.59 * 
3 4 y = 0.73X + 0.85 0.83 * 
3 5 Y = 0.75X + 0.52 0.59 * 
3 6 Y = 0 . 75X + 2 • 91 0.91 * 
3 1 Y = 0.42X + 0.04 0.68 * 
3 9 Y = 0.01X + 0.01 0.18 ns 
3 10 Y = 0.76X + 0.56 0.98 • 
3 11 Y = 0.74X + 2.06 0.94 • 
Appendix 5 
Analysis of Straughan's data of E· ushak~i. 
2 
3 
11 
Artificial 
80 
22 
93 
96 
1-Factor Unbalanced ANOVA 
Source ss df 
Between 10078.7 3 
within 111,326.9 20 
Total 211,405.6 23 
Real, Empty Alive 
25 
9 
88 
111 
MS 
3359.6 
716.3 
F 
33 
95 
59 
112 
11.7 
Results of SNK tests (.£ = 0.05) 
"Control" 
19.66 
RE 
40.75 
AL 
57.25 
ART 
72.75 
"Control" 
(clean plate) 
8 
10 
111 
10 
22 
6 
115 
36 
5 
13 
74 
1 
SE =;716.2 = 
4.8 
12.2 
APPENDIX 6 
Aspects of the ecology of the serpulid 
tubeworm, Galeolaria caespitosa (Polychaeta; 
Serpulidae) 
:VI. A. O'DONNELL 
Q ' [Y)''" 'vi A A~pcn< of tho• •·rolozy of tho· <l"rp llhd lllill•wur11o (;,tfndnttn 
catJfnt'"'' ( Pulvt h.1cta. ~crpulnJ.ac)- Prucudmt:) nj 1/u /-',, , lnlomzrwmd l'u!),lmtlt 
Co~{trrna, Sydnry, tdrttd by P A Hutchmgs, publrshtd h1 'l'ht Lmntan Sucuty ot .\'elL 
South Walts, 1984, pp. 355·360 
The tubo~olous serpulod Caleolana caesprtosa Savo!![n v os abund:.nt on exposed 
rocky shores on New South Wales at mrddle and lower udal levels. It occupies a large 
amount of space and os often aggregated on reef-like ~trurourcs 5-15 em thick Thos 
study onvestiSiates the effects of grazong gastropods on young tubeworms on the rock 
platform at the Cape Banks Sc•enttlic Manne Research Area (Botany Bay). 
The ldrvae of Galea/ana catspoto>a are plankwtruphoL. generally scuhng on the 
rockv shore on lar~e numbers dunng earlv summer Starnkss steel cages were secured 
to the rock platform on areas where patches of adult worms covered much of the rock 
Grazmg gastropods were oncluded on some cages and not on others. Parual cages (cages 
wnh two srdes removed) were used as controls to test for ca~e effects. The numbers of 
worms that had settled on bare rock and wnhon aggrec:atouns of adult~ were recorded 
before cagon'I . The survoval of these worms was then de1crmoned from photographs 
Young worms that recruited dunng the expenment were also recorded. 
Gastropods ~ognolicamly reduced the survtval of vou ng worms on bare rock but 
had no effeet on the survoval of voung worms present on aggregauons of adul1s In 
:~ddnoon, so~nolicantlv more worms seuled and survoved on bare rock durong the 
expenment when gastropods were absent Levels of recrunment on the ab•ence nl 
~astropods were so molar regardless of"' here voung worms <c·ttled 
Th1s e'<peroment demonstrates that grazong gastropod~ have the potential 10 
hm11 the abundance and spaual d1spersoon of Galea/ana rnnprtosa population< on the 
rockv shore 
'vf A 0 'Do~ntll. Dtpartm~t of Zoolof!,Y, .~08, School nf Rrrdr~~ltnl Scuncts, Vtn•crutv Of 
S)dnty, S~anfl·, .Vtw South Waits, Auurnlra :IOU6 A parm read nt tht Frrst lr.tcrrtutwnal 
l'oh·dwrtt. C:lm/r"rtlfr, ,~1·dnr;•, A1ntmlw . .Jul)' !'JH.1. \prmwtrd hv Thr Awtruluw A1tt\,.Wfl 
acetpted for publrcauon a/ttr crotltal reurew and reursron. 
I :-JTRODUCTIOI\ 
The limits of diStnbuuon of plants and animals on rocky shores have been the 
subJect of much speculauon and research around the world (Connell. 1961; Dakm tl 
al, 1948: Lewis, 1964, R1gg and \ttdler, 1949) . Fa<:tors determmmg zonatiOn have 
been tradiuonallv d1v1ded mto two groups: phys1cal and b1ouc, the latter mcludmg 
compeuuon for space and resources as well as predauon Because phys1cal factOrs alone 
(including dessiccauon and salinity) have failed to explam the observed distributions 
wnhm the mterudal zone, bwuc factors remain the focus of current mvestigations. 
:vlanv of the bwm: mu.:racuons slud1ed concentrated un mlcracuuns amung and 
between adulr orgamsms, with less attention to those mvolvmg younger members of 
the community. As a result, models whtch seek to explam the disrnbution of orgamsms 
are generaJlv based only on factors affecung adult orgamsms (Menge, 1978; Pame, 
!9i4). Because the tmporrance of the disnnction between settlement and recrunment 
m rocky shore communines has been emphasized only recently (e.g. Caffey, 1982; 
Keough and Downes, 1982: UnriPrwood, 1979), the role of physical factors and biotic 
mteractions among adult orgamsms may be exaggerated. If either physical or biotic 
factOrs affect the distribution of juvenile organisms, then hypotheses explaming 
diStnbuuon based on adult mteracuons may be spurious (Keough and Downes, 1982). 
At m1ddle anci lower udal level~. the rocky ~horcs of :'-J S W arc- ofte-n domimuc-ci 
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bv rcd"-l1kc .u~gn·~;uion~ nf dw ndwworm, Galmlarza carrprttHa Savu.:-nv (c C: Daktn tt 
al., 1948). On shores where wave acuon ts moderate to heavv . the worm typitalh 
octurs in two ~rowth forms Just ..tlxJvc the algal zone, dcn~c ma~scs of worm tunc~ 
grow upright, away from the substratum, producing calcareous matenal whtch can 
form a layer up to I 5 em thtck. At lower-middle shore levels, worms grow Oat agamst 
the substratum, forming extensive, patchy sheets. Where wave exposure ts great. the 
Galeolaria zone forms sharp boundaries with an upper barnacle zone, dommated by the 
coronuloid barnacle, Tuuropora roua (Krauss). In less exposed areas, barnacles and a 
variety of graztng gastropods share the rock surface with Galeolarza \.'v hde several 
studies have investigated the interac tio n between graztng gastropod~ . .llld barnaclt:s 
(Creese, 1982 ; Underwood et al., 1983) and 1nteracuom betwt:en barnacles and 
tubeworms (Denley a'1d Underwood, 1979), none has examtned the tnte rau ton 0 1 
young tubeworms with grazmg gastropods. 
Studies of the locally abundant grazing limpet , Cellana lramosmca Sowerbv. have 
demonstrated that the particles it removes from the substratum dunng feedtng range 111 
size from microalgal spores to cyprid larvae (Underwood and JernakotT, ! 981. L'n-
derwood et al., I 983). When present in denstties greater than 2 per 400 cm 2 area. the 
limpet has been shown to affect the survival of the barnacle Tesuropora rorea It ts 
thought that acctdental des trucuon of cypnd larvae ~~caused by Cellana dunng- feedtn~ 
or by the ' bulldozmg' awon of the ltmpet 's shell (U nderwood el al 19<33) The thtn. 
delicate tube which Ga/eouma larvae secrete shortly after se ttltng would be I table to such 
damage until thickened and stabilized by further cakdtcauon and the development ot a 
keel. Since newly settled Galeolarza larvae are 111 the same stzt: range as panicles 
removed by Cellana, aboul 300 I'm (Marsden and Anderson, I 981 ). there is reason to 
e..'<pect that Cellana and other graztng gastropods may have a detrtmental eflect on 
newly settled tubeworms. Thts study investigates the effect of graztng gastropods on 
young tubeworms . 
MATERIALS AND METHODS 
Area of study 
The experiment was done on a sandstone rock platform in the Cape Ban ks 
Scientific Marine Researth Area (Botany Bay, N .S .W ) in an area shared by patches 
of C. caespztosa and grazing gastropods. The area was a t a tidal hetght of I 2 m to 1 4 m 
above Indian Low Water Spring (datum) for Sydney Grazmg gastropods present 
included catana tramosenca, Bembrcium nanum (Lamarck), Szphonaria dentzculata Quoy and 
Gaimard, S. urrgulata Hedley , A ustrocochlea constrrcta (Lamarck), Nm ta atramentosa 
Reeve, Chiton pellirerpentrs Quoy and Gatmard, Plaxiphora paeteltana Thtele, I'vf.onifortula 
rugosa (Quoy and Gaimard), and Patellorda latistrzgata (Angas). Very few /vf.orula 
marginalba Blainvtlle , a whelk known to prey o n Galeolarza ( Fa trweather and L'n-
derwood, 1983), were present The dcnstty of gastropods m the expenmental area 
varied from 2 to I 6 111 a 20 x 10 cm1 area. and the propom on of rock co,·ered bv 
worms varied from 3% to 83 % 
Experimental Technzques 
Cages were used to include or exclude gastropods from 20 x 20 cm2 plots on the 
rock platform. The cages used were of 18-gauge stainless steel , 6 meshes to a em , and 
were 4.5 em htgh. Cages were fastened to the rock with 4 x 3 ~ inch seamless steel 
screws into rawl plugs set in the rock. Gaps between the base of the cage and the 
substratum were filled with an underwater cement, Expandacrete UW (Expandlle-
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Rawlplug (Aust.) Pty. Ltd.), which had no toxic effects after setting up (S. McKillup, 
pers. comm.). 
Locations for cages were chosen at random from a Oat area of rock near the 
seaward edge of the shore which was subject to moderate to heavy wave action. 
Replicates were arranged in live blocks to accommodate variations in the densities of 
worms and gastropods across the experimental area. Prior to installing the cages, each 
plot was photographed. The experiment began on 25 January, 1983, and terminated 3 
months later (22 April). Cages were then removed and the plots photographed again. 
The experiment consisted of four treatments. Control treatments (n - 5 
replicates) were marked with raw! plugs and remained untouched. Cage Control 
treatments (n = 9) were partial cages which had two sides removed, allowing free 
movement of gastropods. Gastropod Inclusion treatments (n - 9) trapped existing 
gastropods inside cages. No gastropods were handled, and no additions to, or removals 
of the existing animals were made (except for the removal of a few Morula marginalba, 
the predatory whelk). Gastropod Exclusion treatments (n - !0) excluded all 
gastropods. The experiment was designed with live replicates of control treatments and 
ten replicates of all other treatments, but lost cages or poor photographs reduced the 
final number of replicates to nine for two of the treatments. 
The numbers of young worms located on bare rock and amongst aggregations of 
adult worms were recorded from initial photograrhs. Their survival was determined 
from photOgraphs taken after cages were removed. Only worms without a visible 
dorsal keel, signifying a thin tube, were considered. The variances for these data were 
homogenous (by Cochran's test as in Winer, 1971) and were used in the analysis of 
variance untransformed. The numbers and locations of worms recruited during the 
course of the experiment were recorded from the second set of photOgraphs. Before 
analysis, recruitment data were transformed by ln(x + 1) to stabilize the variances 
(Winer, 1971). 
RESULTS 
Survivorship of young worms 
There were no differences in the survival of worms in Control treatments and 
Cage Control treatments (analysis of variance and SNK te~ts (Winer, 1971), P > 0.05, 
Figure lA and 2A, treatments 1 vs 2). In both treatments, grazing gastropods moved 
normally across experimental areas. Cages had no effect on survival of young worms 
on both bare rock and in aggregations of adult worms. 
The survival of worms on bare rock was significantly greater in treatments where 
gastropods were excluded (analysis of variance, P< 0.001, SNK tests, P < 0.05) (Fig. 
lA). No such increased survival was seen for worms which had settled within 
aggregations of adult worms (analysis of variance, P > 0.05, Fig. IB). 
Recruitmmt of worms during experimmt 
Comparison of Control treatments with Cage Control treatments shows that cages 
enhanced recruitment of young worms on bare rock (analysis of variance, P < 0.001 
and SNK tests, P < 0.05, Fig. 2A, untransformed means). No significant enhance-
ment of recruitment was seen for worms settling- in aggregations of adults (analysis of 
variance, P > 0.05, Fig. 2B, untransformed means). 
Significantly more worms settled and survived on bare rock in Gastropod .J::x-
clusion treatments (analysis of variance, P < 0.001 and SNK tests, P > 0.05, Fig. 
2A). No difference was found between treatments in the numbers of worms recruited 
into aggregations of adults (analysis of variance, P > 0.05, Fig. 2B). 
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Fig. 1. Mean ( :t standard error) proportional survival of young worms. A - worms on bare rock; B -
wornu in aggregauons of adults. Exper~mentaltreatments are: 1- Undisturbed Control, 2- Cage Control, 
3- Gastropod lncluston; 4- Gastropod Exclusion. Results of Student-Neuman-Keuls compansons for 
worms on bare rock are indicated . 
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Fig 2. Mean ( :t standard error) number of worms recruited dunng experiment. Experimental treatments 
and SNK results as 10 Fig. I. 
Comparison of Gastropod Exclusion treatments for worms recruiting on bare rock 
with those recruiting in aggregations of adults indicates that levels of recruitment were 
similar, regardless of where the worms settled (Fig. 2A, treatment + vs Fig 2B, 
treatment 4). 
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The enhancement of recruitment by the cages in thts experiment may have had 
several, Interrelated explanations. The cages could have retained larvae within the 
mesh, and may have provtded shade that larvae seem to prefer for settlement. Worms 
are found to settle on the shaded underside of sandstone plates placed on the rock 
platform, rather than the upper surface (O'Donnell, unpublished data). Additionally, 
the turbulent flow of water through the cage may have increased settlement. The 
mcreased recruitment of worms on bare rock in treatments where gastropods were 
excluded muse be interpreted with caution. Settlement (the numbers of worm larvae 
that arnve on the shore) and survival are inevitably confounded factors in those 
treatments because an increase in enher factor could have produced the mcreased 
recrUitment observed (see Fig. 1A). This greater survival of worms may have been due 
to either more worms settling because more space was available, or due tO an mcrease 
in survival of worms. Daily inspection of the rock surface with a microscope would 
have been necessary to distinguish between the two potentially confounding factors. It 
·is likely that the magnitude of settlement in all treatments with cages was enhanced to a 
similar degree, and that the observed increase in settlement on bare rock in the absence 
of gastropods reflects both the avatlability of bare rock that would normally be occupied 
by gastropods, as well as increased survival. 
The results presented here show that the survival of young worms within 
aggregauons of adult Galeolarra was not affected by the presence of grazing gastropods. 
The crevtces and spaces between the tubes of adult worms probably provided shelter 
for young worms from phystcal disturbance. Denley and Underwood (1979) found chat 
because the barnacle Tetraclittlla purpurascens (Wood) tended co settle on and amongst 
adults of the same spectes, in crevices and confined areas, they were not much affected 
by the grazing activities of Cellana. Underwood (pers. comm.) has observed that Cellana 
avotds moving over T purpurascens. Neither has Cellana been observed to cross dense 
patches of worms (pers. obs.). Dakin et al. (1948) observed that 'In the Galeolarr·a band, 
close growth of limey worm tubes seems not altogether favourablo. as a surface for 
creeping sedentary univalves such as limpets, etc .... '. Whatever the reason, dense 
patches of either barnacles or worms provided an effective barrier against Cellana, 
resulting in greater survtval of those larvae which settle amongst conspecific adults, 
because they escaped disturbances caused by grazing. Any explanation proposed for 
the distribution of Galeolaria must take into consideration the increased survival ex· 
perienced by those worms which settled in aggregauons of adults. The observauon that 
more young worms are found in association with adults might be interprett:d as 
preferential settlement by the larvae, when the pattern may be the result of the early 
mortality of worms settling elsewhere. 
The increased mortality of young worms on bare rock demonstrated by this ex-
penment suggests that gastropods have the potencial to limit the spreading and 
amalgamation of patches of worms. Young worms settling on bare rock between 
patches of adult worms are likely to be destroyed by the feeding activiues of grazers, 
making the colonizatton of bare rock by tubeworm larvae an improbable event if 
grazers are present at large densities. Limpets have been found to prevent the 
recrunment of sedentary antmals on a rocky shore m California. Stimson ( 1970) found 
that the territorial limpet, Lottta gtgantta Sowerby defended its territory from invasion 
bv sedentary animals by consumtng or dislodging larvae or newly-settled intruders. 
Where gastropods are present, an mcrease in the size of patches of worms is more likely 
to be achieved by the settlement and growth of worms near the edges of adult 
aggregattons rather than by the settlement of larvae on bare rock. By removing young 
worms from bare rock, gastropods may maintain the patchy spatial dispersion of the 
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worms, and insure that areas of the rock remain accessible for graztng. 
The presence of solitary Calt:ularza in small pools tn the barnade zone, well above 
the middle tidal zone, suggests that physical factors alone do not prevent the worm 
from living higher on the shore. On many areas of the shore, grazing gastropods are 
often found at large densities just above the upper limtt of th1ck bands of worms The 
results p resented here suggest a mechanism by which grazers might lim1t the upper 
distribution of the worms in such areas. This experiment suggests that, when present at 
large densities, grazing gastropods have the potential to determine the upper l1mtt of 
the distribution of Calt:olaria. 
This experiment clearly demonstrates the importance of biotic interacttons whtch 
occur early in the life history of this species. The small scale dispers1on of patches of 
worms, and perhaps the vertical distribution of the worms may be controlled by In-
teractions with grazing gastropods within the first few months of the worms' life. 
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